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FOREWORD

This document proposes a strategy and initial plan for a DoD
Software Initiative to improve our ability to exploit the advantages
of computer technology. It was prepared at the direction of Dr.
Edith Martin, Deputy Under Secretary of Defense for Research and
Engineering (Research and Advanced Technology).

There are several levels of detail. The Executive Summary pro-
vides an overview of the initiative. The body develops the rationale
and guiding principles, explaining the motivation for the goal, sup-
porting objectives, implementation strategy, and organizational
mechanisms, The attachments provide details of the initial plan,
which will be refined during the coming year. The appendices, which
are contained in a second volume, provide substantial background
detail.

This plan is the result of considerable interaction with a large
segment of the DoD, university, and industry computing community,
Appendix I summarizes the history and acknowledges the contributors.
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EXECUTIVE SUMMARY
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The U.S. has lost its lead in many of the mature technologies
upon which our industrial base and military power were built. The
threat of a similar strategic loss now faces the electronics, com—
puter, and software industries. This must not be allowed to happen
because we depend so heavily on computers in our military systems,
Aggressive action is needed, now, if we are to maintain our military
supremacy through the use of computer technology.

This document describes a management strategy and an initial
plan for a DoD-wide software initiative to improve our ability to
exploit the advantages of computer technology through software. The
initiative will improve the state of practice in the acquisitionm,
management, development, and support of computer software for mili-
tary systems. It establishes overall objectives, provides top-level
plans for achieving the objectives, and identifies the steps peces-
sary to develop the next level plans for implementation. This plan
for cooperation among DoD elements, industry, and academia must be
refined through extensive coordination within DoD and the compuiing
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e community.
..\ ')»' Virtually every system in the current and planned military
3 inventory makes extensive use of computer techmology. Computers are
- - integral to our strategic and tactical capabilities., They control
o the targeting and £light of missiles, they coordinate and control the
2 sophisticated systems within high performance aircraft, they are at

! the heart of carrier battle group defense, and they integrate the
complex activities of battlefield command. The military power of the
United States is inextricably tied to the programmable digital com-
put [ &

Software is the essential element that controls, even defines,
the system. Software is the embodiment of system "intelligence." In
addition, it provides the flexibility to respond to changing threats,
needs, and requirements. Despite the capability it provides,
software poses a host of difficulties that hinder realizatiom of the
full advantage. Development and support of software for major mili-
tary systems is one of the most complex human endeavors, often
requiring hundreds of people for five or more years at costs exceed-
ing $100 (e.g., the B~1, E~3A, Aegis, Safeguard systems).

The term "software" denotes more than a collection of computer
instructions. It includes other descriptions:requirements defini-
tions, designs, test programs, and plans, documentation, training
materials, etc. The process of software development imnvolves
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resoluticn of systems issues for which there is an inadequate body of
accepted practice and little supporting theory. Reflecting the state
of practice in industry and the immaturity of the underlying technol-
ogy base, the state of software practice in the DoD cormunity ranges
from a reasonably effective, disciplined approach in a few systems to
near chaos in others.,

The demand for software is escalating rapidly; the costs for
software often domipate the project cost. To compound the situation,
the supply of trained professionals is inadequate. Both current and
projected demand far outstrip supply. Unless action is taken, the
increasing demand for software in military systems may not be satis-
fiable in the near future.

There are many indications that DoD should do something about
“the problem." Among others, six Defense Science Board studies in the
past year recommended DoD action. But there is no single formulation
of "the problem" ard therefore no single unifying slogan; rather
there are many provlems implying that progress is needed in many
areas.

DoD has not ignored the software-related problems., The Science
and Technology Program supports a variety of efforts to develop the
appropriate technologies. But these efforts are not sufficient to
yield dramatic results quickly. They do not have the necessary
high-level attention and coordination required for such an important
and critical area. There is no current DoD-wide get-well plan. For
too long, software~related activities have lost out in the competi-
tion for resources, because managers have not understood how improved
software would help to build better planes, missiles, ships, or
tanks. This initiative will provide a sharp increase in focus and
support to breathe new life into the software and systems part of the
Science and Technology Program.

Since the need is to exploit techmology, it is c¢lear that a
cooperative effort among all DoD research activities must be coordi-
nated. We must work closely with the industry and academic -computing
community to develop the technology to both increase productivity and
improve software quality. But it is not sufficient to develop
improved technology. The technology must be used.

The goal is to improve software productivity while ach.eving
greater system reliability and adaptability. In addition to conduct-
ing research to improve the state of the art, we need to improve the
state of practice to nake software development and support faster,
less expensive, and more predictable, resulting ia more powerful,
reliable, and adaptable systems. In the face of increasing demand
for more software and the shortage of people with appropriate skills,
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the challenge is to advance the technology base and to adopt prac-
tices facilitating widespread use of the technology.

The initiative will focus on improving the environment in which
software is developed and evolves, as a means to improving the state
of practice. A simple but useful view of the enviromment is that of
people using tools to accomplish a mission. The people play many
roles including management, acquisition, requirements analysis,
design, and coding. Depending on their role, they use a variety of
tools including contracts, incentives, schedules, budgets, or techni-
cal tools such as program languages, compilers, and operating sys-
tems. The environment includes all of these influences surrounding
software development and support.

The technology and supporting management practices are available
now to improve the current enviromment. One conservative estimate
suggests that DoD can improve productivity by a factor of four by
1990 using existing techniques. Order-of-magnitude productivity
improvements may be realized through development and adoption of
advanced techniques. However, based on estimates of DoD software
costs by 1990, even the more conservative factor for improvement
would produce a multi-billion dollar return on investment.

The initiative”s objectives were established to improve the
state of pracvice through improving the environment. They are:

o .Improve the pexrsonnel resource by
=~ increasing the level of expertise,
-~ expanding the base of expertise available to DoD;
0 Improve the power of tools by
= improving project management tools,
- improving application-independent technical tools,
- improving application-specific tools;
o Increase the use of tools by
~ improving business practices,

~ improving usability,
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-  increasing the level of integration,
- increasing the level of automatiom.

Initial plans are proposed to meet each objective., They indi-
cate a direction and establish a baseline for evolving a detailed
plan. Coordination is needed among many DoD organizations to develor
this plan.

The initiative”s strategy is to establish the funding impetus
and the organizational incentives to coordinate improvement in the
state of software practice in the DoD community through the planned
evolution of a2 sophisticated software environment. The strategy will
exploit the current technology base, build on existing DoD efforts,
and ccordinate the coliected talents and expertise of many DoD orgaun-
izations. The initiative is adopting an evolutionary strategy,
although pursuing some revolutionary techniques, with the essential
assumption that DARPA will pursue a complementary strategy to inves-
tigate new, revolutiomary software paradigms that might produce
dramatic improvements. This will provide DoD with a balanced overall
approach.

The initiative will undertake the task of improving the environ-
ment through three evolutionary stages, beginning in FY84. A prelim
inary Stage O will consist of a year of preparation in FY83, during
which the necessary organizationa] mechanisms will be established,
detailed planning conducted, initial studies launched, and requests
for proposal prepared.

In some respects, the initiative is already under way. The Ada*
Program includes projects to develop Ada ProgrammingSupport Enviroun-
ments (APSE), Ada-based education and training, and a methodological
framework for using an APSE. The Ada Program has established both
the sociological and technolugical basis for sharing tools. It will
be a cormerstone for this initiative., With Ada serving as a focus
during the early stages, the initiative 1is responsive to recent
Congressional direction to accelerate adoption of Ada.

The program will have a vertical management structure. A direc-
torate will be established under the DUSD (R&AT) with representatives
assigned from each of the Services. Each Service will also establish
an office with responsibility for initiative activities., A DoD
organization will be identified for each critical technical area
with responsibility to execute and manage contracts for assigned por=-
tions of the initiative, In additiom, the initiative will entertain

*Ada is a trademark of the Departmént of Defense.
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proposals submitted through DoD program managers for development of
tools that will directly improve an existing DoD project”s environ-
ment,

A Software Engineering Institute will be established to bridge
the gap between R&D activities that experiment with new techniques in
a constrained domain and exploitation of those techniques on real
systems. The Institute wiil maintain a state-of-the-art software
enviromment. It will evaluate new techniques, integrate promising
elements into the environment, demonstrate the effectiveness of the
enviromment on DoD projects, and provide appropriate training., The
Institute will be composed of both a permanent and a visiting staff
drawn from the DoD, industry, and academic communities.

The initiative complements the current software and systems
activities supported by the Science aud Technology Program. It will
provide increased funding and emphasis on software for seven years.
The budget for this initiative will be provided via an Army Program
Element as identified in an FY84 Program Decision Memorandum for the
Department of the Army dated 11 August 1982. Allocation of these
funds to designated DoD organizations to axecute the objectives will
be the responsibility of the Joint Service Team in the initiative
office. Beginning in FY88, the programmed ipitiative funds will be
reprogrammed into the individual service budgets. This funding stra-
tegy is illustrated by Figure 5-2, which is reproduced at the end of
this executive summary. o

This sofiware initiative i: intended to move DoD toward resolu-
tion of problems in exploiting computer technology, just as the VHSIC
program is moving DoD towards resolving hardware constraints in an
increasingly electronics-dependent defense strategy. The software
initiative will not solve all software problems any more than VHSIC
will solve all hardware problems., A case in point is the Ada Program .
which promises to make major advances in remedying specific problems,
but is only one step in a much larger effort. Together, the software
initiative and the VHSIC program offer a coherent and balanced stra-
. tegy to maintain world leadership in computer technology.

The software initiative”s payoff potential 1is enormous. With
current annual DoD embedded computer software costs estimated at $5-6
billion and $32 billion predicted by 1990, evem a modest twofold
improvement would yield a payoff factor of over 200 on the invest=—
ment. Greater improvement, perhaps even by an order of magnitude, is
possible.
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ix Several recent studies have recommended that DoD undertake a

. significant effort to improve the state of practice in the acquisi-

™ tion, management, development, and support of computer software for

ES military systems. This document proposes a plan for such ac effort:

the DoD Software Initiative. It establishes overall objectives,
provides top-level plans for achieving the objectives, and identifies

the steps necessary to develop the next level of implementation

plans. This section develops the motivation for the initiative,

Computer software is an essential component of military systems,

Indeed, software increasirgly establishes and controls military sys-

i% tem functionality. However, software is a two—edged sword: it «can
E; also make our future military systems fail in ways that could be
éf disastrous for our national security. Such critical failures are a

strong possibility, because software is still an immature field.
Some of its current capabilities are powerful and well understood,

but others are still beset with problems.,

These problems are not just due to an inadequate technology
base; they include inappropriate acquisition and management practices
and an increasing shortage of expertise. Although DoD has activities

under way to rectify some of these problems, an aggressive, coordi-

r QL PO A N T (R, SRR
u ',-‘.,.I LTS el '

nated, DoD~wide program having high-level management support is

XX

needed. This need is underscored by a recent Joint Service Task
Force, several Defense Science Board and Independent Review Committee
Studies, and the realization that leadership in this field is essen-
tial for continued military supremacy and, perhaps, even world

economic leadership.

1.1 Software is an Essential Component of Military Systems

roga
I

Virtually every system in the current and planned inventory

makes extensive use of computer technology. Computers are integral
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to our strategic and tactical capabilities: they control the target-
ing and flight of missiles; they coordinate and control the sophisti-
cated systems within high performance aircraft; they are at the heart
of the defense of carrier battle groups; and they integrate the com=—
plex activities of battlefield command. The military power of the
United States is inextricably tied to the programmable digital com-
puter.

Over the past twenty-five years, the computer has evolved from a
minor role iun military systems to one of major importance. This
trend has been accelerated in recent years by the microelectronic
technology revolution that has dramatically improved the
cost /performance ratio of computers., This amazing improvement in
cost /performance, coupled with the reduction in hardware size,
weight, and power constraints, has made it possible to use computers
in military systems applications in ways not contemplated only a few
years ago. Consequently, the demand for embedded computers has
dramatically increased. This cost/performance improvement has been
so great that embedded computer systems (ECS) are now the primary
means of introducing mnew capabilities and sophistication iato our

military systems with minimum hardware impact.

Software has gradually become the dominant factor in embedded
computer systems. Typically, ECS software has real-time constraints,
performing both a component control function and an integration func-—
tion such as inter-component communication or control. In early uses
of ECS, the system”s functiomal capability was embodied 1largely im
the electronics (e.g., semsors, control devices), with software per-
forming specialized or ancillary functions. Now the utility of the
digital system has reached the point where it controls not only the
central function of devices but also inter—~system communications;

software has shifted from an incidental role to one of system func-

I
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tional definition, with electronics providing the means for executing ]
these functions.

e The term "software" denotes more than a collection of programs.

E! It also includes requirements definitions, designs, test programs and

plans, documentation, testing materials, etc. Today it is mnecessary

b sl s ke ), W

tc understand the functionality, limitations, and reliability of the

software that runs the system in order to understand fully system

<
.
.
pe
8
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capabilities and operation. This change has been accompanied by a
shift in relative project costs, so that today the ratio of software

costs to hardware costs has increased greatly.

T AT TR T
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A principal reason for the increasing reliance on software 1is

that, when a modification is required, software changes are easier

T Y

and less costly to make than physical system changes. Potentially, a

LT
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R

function embodied in software may be modified, to improve a capabil~

ity or to meet new threats, more quickly and less expensively than

the comparable function embodied in hardware. The Air Force experi-

encel

with the F-111 program illustrates tLis point. Similar avion- E
igs  capabilities were implemented in analog electronic hardware om

the F-~111 A/E and in software on the F-111 D/F. A number of changes

"

() were tracked through both systems. The savings ia dollars and
? deployment lead-time in the digital F-111 D/F are striking. Hardware
éé changes cost fi%ty times as much as software changes and took three
?} times as long to make.

?‘ Another well-documented example of the benefits of a software
3 change not requiring a physical change to the hardware was th: repro-
g gramming of the Minuteman III missileZ. By modifying the software

without expensive physical change, the systems engineers were able to

T,
(ke

i
.

i

improve the accuracy as wmeasured by the system”s circular error pro-

Rl j

1. ECS Software Management and Support After System Deployment, fav 1977,
2. "Technology Creep avd the Armms Race: ICBM Problem a Sleeper," Science,
Vol 201, 22 September 1°78, p 1103,
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bability (CEP). The software modification was designed and imple-

mented for all 550 Minuteman III missiles for only $4 million, a

U
'

I“b
L

T
O
-

fraction of what the corresponding physical modification might cost.
The Minuteman III missile example illustrates an important

economic feature of software. The cost and time required to design a
software change is comparable to the cost and time to design a
hardware change, since both are human-intensive, intellectual tasks
of comparable complexity. But the cost and time needed to implement
these changes favor software by orders of magnitude, particularly

when the change is replicated in many systems,
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1.2 There are Difficulties in Exploiting Advantages of Software

Although computers offer important opportunities, a host of
software related difficulties hinder the full exploitatior of this
technology. Many of these difficulties have been studied indepen-
dently, but there is an intuitive consensus that DoD should take
positive action to address the acknowledged but ambiguous ‘“problem".
A Joint Service Task Force chartered to define and articulate the

problem concluded that there is no single problem. Rather, there are

b2
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many difficulties, including inadequate techrology, inappropriate
acquisition and management practices, and a serious shortage of

skilled peopie.

Development and support of software for major military systems
is omne of the most complex human endeavors, often requiring hundreds
of people for five or more years at costs exceeding $100M (e.g., B~

1B, E-3A, A4egis, Safeguard systems). These projects require the
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resolution of complex systems issues using techniques and management

™
"

approaches that are poorly defined and not weil understood. There is

an inadequate body ¢f accepted practice and little supporting theory.

Reflecting the state of practice in the industry and the immaturity
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of the underlying technology base, the state of practice in the DoD
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community ranges from a reasomnably effective, disciplined approach in
a few systems to near chaos in others.

As a result of the inconsistency in management practices and
supporting technology, program managers have relied on prime and sup-
port contractors and have individually sponsored development of
software management techniques and support systems. A variety of

project-specific support facilities have been developed and now must
be maintained.,

Costs for software are escalating rapidly, often dominating pro-
ject cost., Although this is a reflection of increased need and the
inability to accurately predict software costs, it is also a symptom
of inappropriate acquisition and management practices. Many managers
and technical personnel have not yet adapted to the increased impor-

tance of software.

The increased cost is sometimes just the visible effect of a
moze basic difficulty: poorly defined or changing requirements. This
basic difficulty often leads to other effects, such <as complaints
from the user community that the software does not satisfy their
operational needs. In extreme cases, systems have been abandoned
after delivery because they are inappropriate to users” operational
needs. Other difficulties stem from the need for ultra~high relia-
bility and the need to perform advanced sophisticated applications.
Reliability is essential to DoD because of the criticality of the
missions involved and the frequent dependence of human life on

correct system performance.

The software generation and support situation is exacerbated by

a shortage of trained software professionals; current and projected

3. Barry W. Boehm, "Keeping a Lid on Software Costs," Computer World,
ary 28, 1982.

Janu-

4, M. Pfister, Jr. Data Processing Technology and Economics, Digital Press,

Bedford, Mass. 1979.
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demand far outstrips supply. The current U.S. gap between demand and
supply is measured in tems of 50,000-100,000 software professionals,
and if nothing is done, this gap will grow to 860,000-1,000,000
software professionals by 1990 3,4 (see Figure 1-1). The Army, Navy,
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and Air Force are all experiencing shortfalls; they independently
predict these deficiencies will become critical in the late 19807s.
As a result, the increasing demand for software in military systems

may not be satisfiable in the near future.

Since the difficulties are often technological, it is matural to j
look to the technical community for solutions., Important contribu- :
tions have been, and continue to be, wmade by DoD-supported and
independent research. But current support for development of
software technology is inadequate. Much of the work is specific to
an application or project, not well coordinated, and generally

unfocused. Software projects must compete for resources with other

critical technology areas. Despite the dedication of the DoD 7‘33
research community, software research support has been incomsistent f
and inadequate, because senior management has not fully realized how
improved software techniques would help to build better tanks, :
planes, ships, and missiles. Even when the technology is available, f

it is oftan iraccessible because of poor business practices.

This summary of the difficulties encountered in exploiting the
advantages of software only partially illustrates the problems
recently described by the Joint Service Task Force on Software Prob-

lems. Appeni.« VI contains the task force”s summary of the problem

Ll B LAY ke

areas; their report5 contains an extensive appendix detailingspecific

5. Report of the DoD Joint Sexvice Task Force on Software Problems, prepared
for the Deputy Under Secretary of Defense for Research and Advanced Technolo-
gy, July 1982,

6. Final Report of the Software Acquisition and Development Working Group,
Prepared for the Assistant Secretary of Defense for Communications, Command,
Control and Intelligence, July 1980,
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difficulties experienced in each of these areas. A corroborating
view of the problems from an acquisition perspective was prepared by

the Software Acquisition and Development Working Group.6

1.3 DoD Should Initiate an Aggressive Improvement Strategy

.
o
L sl i M2 e PN i U s Y a2 S,

Since software has such a profound effect on the military mis-
sion, DoD should take immediate, positive action to improve its abil-
ity to exploit the full advantage of computer technology. Many com- g

pelling indications suggest that DoD should begin the initiative now.

1.3.1 Investment Pavoff Potential is High

Estimates of DoD expenditure for software vary, but the annual i
cost 1is measured in billions of dollars. For example, the Electron-

ics Industries Association estimated the annual cost of embedded com~-

puter software at $5-6B in 1982, and predicted that it could reach :
$32B by 19907 (see Figure 1-2). : ]

. . s . N
These estimates indicate that software costs are substantial; : ;g
they predict a continued increase in computer utilization consistent

with NASA8, Air Force? and Navylc experience as shown in Figures 1-3, ]

0 1 Sl s

1-4 and 1-5, Given the advantages of wusing computers in military

systems, such increased use should be encouraged. The potential cost

Ik e 4 Bt

increases offer considerable leverage for technical and managerial
initiatives and underscore the need for DoD-wide, high~level manage-
ment attention. Even a relatively modest improvement in productivity

would yield substantial cost avoidance.

7. DoD Digital Data Processing Study - A Ten-Year Forecast, Electronic¢ Indus-—
tries Association, Government Division, October 1980,

8, Barry W. Boehm, Software Engineering Economics, Prentice Hall, 1981.

9. D. A. Herrelko and D. Denton, "Software Standardization and MIL-STD-
1750", NAECON Proceedings, 1980. E
10, Courtesy of the Grumman Corporation.
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1.3.2 Maintaining U.S. Leadership is Essential

The United States has made a strategic decision to rely on a
relatively small number of highly reliable and accurate weapon sys-—
tems. Mr. H. Mark Grove, Assistant Deputy Under Secretary for
Research and Advanced Technology, pointed out in his 1982 posture
statement to Congress that the U.,S. cannot afford to alter this
strategy and try to mateh enommous Soviet defense expenditures. With
increased use of computers in military systems, the balance of power
depends on software and systems technology. It is essential that the
U.S. maintain leadership in this technology to support its announced

strategic posture.

Software and systems techmnology is not only critical to the U.S.
for defénse leadership, but also for our economic surviva1lls12, 1t
has been predicted that a.major technology surge will occur in this
decadel3, Ample evidence indicates that computer technology will be
at the forefromt of that surge, and will become a substantial perceun-
tage of the GNP, although it currently represents only a small per-
centage of the GNP, This is only one of many indicators supporting
the idea that leadership in software technology may determine our

future economic position.

The United States is generally comsidered to hold a position of
leadérship in computer :ecnnology12’13, but this lead can vanish
quickly, It will be substantially more expensive to recover the lead
if it is lost!! than to invest now in maintaining our current tech-
nology lead. The lead in computer techmology requires not only a

strong hardware base, but also the complementary software and systems

11. Lewis M. Branscomb, "Bringing Computing to People," IEEE Computer,

1982,

12. Donald D, Glower, "The Economics of Technology," News in Engineering,

May 1982.

13. Alan K. Graham, "Software Design: Breaking the Bottlemeck," IEEE Spec~

tzum, March 1982,
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technology to exploit the hardware. To maintain the lead in these
technologies--and, by implication, military supremacy-—the United
States must assure the continued vitality of its research base and

upgrade its industrial production base.

Our lead in computer technology appears to be in jeopardy. At
least three countries have announced national initiatives to capture
world leadership in computer technology with strong £ocus on

software. Appendix V provides further details.

a. The Japanese government, as a matter of economic policy, 1is
actively promoting the development of knowledge-intensive
industries. A specific objective of the Japanese in the
1980°s is to '"leapfrog" U.S. computer technology and become
the world”s leading supplier of advanced computing systems.
Following two years of study and research, the Japanese have
initiated a program they believe will result in "Fifth-
Generation Computer Systemc" by 1990, major aspect of
this initiative is the concern for software 4,

b. The French have established a world center for computer sci-
ence and human resources. The mission of this center is to
unite the social sciences with computer technologies to
forestall problems stemming from automation. The individu-
als chosen to head this center include leading world scien~
tists (several of whom are from thg U.S.), a nobel prize
winner, and several cabinet ministersl?.

c. Great Britain is creating a software technology research and
development program from two independent efforts. One,
sponsored by the Science and Engineering Research Council,
is entertaining proposals from universities to undertake a
technically focused effort in software technology research,
The other, sponsored by the Ministry of Defence, is focusing
on the develogment of tools and integrated, autcomated
environmentsl6s17,

14, "Japan”s Strategy for the 807s"™, Business Week, December 14, 1981,
15. "French World CPU Science Center Stirs House Panel Concerns'", Electronic

News, June 7, 1982,
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1.3.3 The Defense Science Board Recommended Action

During the past year, at least six Defense Science Board Task
Forces and USDRE Independent Review Committees have reinforced and
emphasized the need for extensive, specific, and coordinated DoD-

sponsored software activities.

The Defense Science Board 1981 Summer Study Panel on Technology
Base identified seventeen technologies that can be expected to make
"an order of magnitude" difference in DoD”s deployable, operational
capability. The Panel considered advanced software/algorithm develop-
ment to be among the three technologies most 1likely to provide
dramatic improvements in future weapons systems capabilities. The
panel set two specific goals for software development: an order of
magnitude improvement in programmer productivity within three to five
years, and a noti 'eable shift away from the 902 of systems cost
attributable to software. The Defense Science Board Study Panel on
Technology Base recommended that DoD substantially increase annual
funding for advanced software technology R&D. The USDRE lndependent
Review of DoD Laboratories advised DoD to establish a Center for
Micro~electronics and Computer Science; the committee recommended
that this institution be formed to provide a center of excellence
that, among other intents, would help to recruit and retain software

talent to address DoD problems.

Other important recommendations of Defense Science Board Commit-

tees, as they relate to DoD software R&D, are summarized in Appendix
Vi,

16, "U.K. Begins Software Initiative," Industrial Research & Development, May

1982,
17. Rex Malek, "Britain Gears Up for Push to Fifth Generation,"

terworld, May 24, 1982,
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1.3.4 The Joint Service Task Force Recommended Action

After reviewing and categorizing the difficulties DoD faces in
exploiting the full advantage of computers, the Joint Service Task

Force on Software Problems drew five conclusions that Zfurther

emphasize the critical need for an extensive, coordinated software
initiative.

o a @ w0
-

Na

a. Software represents an important oppertunity for the U.S.
military mission;

-

1

o

LA L

b. 1Tochnological leadership in software use and development 1is
a major factor in maintaining military superiority;

c. The current state of practice in DoD software development

and support has potential adverse effect on the military
mission;

T

YT
.

d. No "single problem" exists that can be overcome with a sin-
gle solution;

IR e. DoD must take a leadership role in solving these software

&y 7 problems to avert the erosion of our software technmology
'.) base.

The task force recommended a DoD-wide software initiative for
embedded computer systems, with strong service cooperation in the
spirit of the Ada and VHSIC programs.
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2.0 OBJECTIVES

We cannot afford to forfeit our leadership position in a tech-
nology so essential to the defense mission. The mission requirements
and business practices differ among the services, but the underlying
technology is generally applicable to all DoD components. A coordi~
nated effort must be initiated among all DoD research activities to
improve software and systems technology. We must work closely with
the industry and academic computing community to develop the technol-
0ogy to increase productivity and improve the quality of software.
But it is not sufficient to develop improved technology; the technol-
ogy must be used.

This initiative”s goal is to improve software productivity while
achieving greacter system reliability and adaptability. In addition
to conducting research to improve the state of the art, we need to
improve the state of practice to achieve software development and
support that is faster, less expensive, and more predictable, yield-
ing more powerful, reliabie and adaptable systems. In the face of
increasing demand for more software and people with appropriate
skills, the challenge is to advance the technology base and adopt

practices facilitating widespread use of the resulting technology.

The initiative”s approach to improving the state of practice is
to improve the. skills, tools, and business practices that constitute
the environmentl® in which software is developed and supported. The

resulting ohjectives are to:

18. Technically, an "eaviromment® is a collection of tools (computer pro~
grams) running on a host computer. In this document, the words "emvironment"
and "tool" will be used in a more gemeral sense: "enviromment' denotes the in-
fluences surrounding software development and support, "tool" demotes tech-
niques, methods, and practices supporting software. The phrases "automated
envirorment"” and "automated tool" will be usnd when the more technical concept
is being described.

14

TR WAL ]

R ot el s 2O

-y



o Improve the personmel resource by
- increasing the level of expertise,
- expanding the base of expertise available to DoD;
o Improve the power of tools by
- improving project management tools,
-~ improving application-independent technical tools,
- improving application—-specific tools;
o Increase the use of tools by
~  improving business practices,
-  improving usability,
- increasing the level of integration,
-~ increasing the level of automation,

These objectives directly support the activities recommended by

the Joint Services Task Force on Software Problems to improve:
a) scftware acquisition and management practices;
b) technology re;earch, development, and utilization; and
¢) development of expertise of people involved with software.

Sectiopn 2.1 provides a perspective of the software environment
from a DcD program manager”s viewpoint. Section 2,2 discusses the
opportunities available to improve the software enviromment. Section
2.3 examines the. potential payoff. Section 2.4 discusses the

specific objectives,

2,1 The Environment Consists of People and Tools

The ohjectives focus on improving the state of practice by

improving the enviromment. This subsection offers a perspective of

15
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the software environment from the point of view of a DoD program

manager responsible for system development or in-service support.

Software is one part of a system, developed to provide important
operational capabilities for that system. Software creation and evo-
lution is therefore a system engineering activity, involving many
management and technical tradeoffs. These tradeoffs are con~
strained by many factors, including the mission, the interfaces to
specific equipment, the schedule imposed, the computing facilities
available, the capabilities of the software team, the management
practices and standards imposed, business practices, and contractual

obligations.

The enviromment in which software is developed and evolved
reflects all of these factors. In the demanding world of DoD sys-
tems, software is developed and supported primarily through comntracts
that are the responsibility of DoD program managers. The program
manager is not primarily concerned with software. Rather, the pro~
gram manager is concerned with the system (plane, missile, fire con-
trol). Software may be a necessary and critical componment, but to

the program manager, it is a means, not an end.

An enviromment provides a context for all the tasks and activi-
ties that occur during a software system”s life span. This life span
for software ranges from the conception of a required capability to
the software”s retirement from use, a period that could easily be
from fifteen to twenty years. The software life cycle covers all
stages of the 1life span: definition, design, construction, test,

installation, operation, and in-service support.

A simple view of the enviromment, useful for understanding the
objectives, is that of people using tools to accomplish a task. A
program manager must get a system built by assembling an appropriate

team of people who understand the application, providing them with

16
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the necessary tools, and guiding them towards the construction of a
system, Within the constraints of existing management directives and
available tesm expertise, the program manager chooses available tools
(or devises new ones) for budgeting and contracting. A contractor is
acquired through some combination of acquisition tools. Together the
program manager and contractor structure the software environment.
In most cases, the program manager relies on the contractor, whose
concern with the environment is often different from ﬁhe program
manager”s, The DoD program manager imposes restrictions within the
constraints of directives, regulations, policies, and incentives.
The contractor brings additional tools to the environment in the form
of management procedures, computing facilities, and automated tools.
Neither wants to accept unnecessary risks by introducing new technol-
0ogy, unless there is demonstrated potential for improving either the

productivity of the project”s personnel or the quality of the pro-
duct.

For a given project, the effort to build tools, devise new tech-
niques, and train people to use them is an added burden. For exam-
ple, development of procedures, standards, or support software to
facilitate construction and configuration control are a burden. The
effort may be justified and yield payoff, either during development
or during in-service support, but it consumes significant resources
not directly involved in bﬁilding the system, This same effort is
repeated for many different systems. If a flexible, reliable
environment could easily be configured for any given project, then
the burden to provide support for individual projects would be
reduced, and the enviromment would more likely be used. If DoD sub-
sidizes such an enviromment, substantial duplication costs will be

avoided while improving productivity and reliability.

The improvements must have the support of both the program

manager and the contractor. The policies, procedures, standards,

17
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management practices, and incentives must encourage innovation.
Improvements must be packaged for easy adoption and use, and must
help, rather than constrain, system development and in-service sup-
port.

2.2 The State of Practice Can Be Improved Significantly

The state of practice can be improved only if there is a reason~—
able collection of opportunities and an identifiable strategy to cap—
italize on those opportunities quickly. DoD has made a concerted
effort to assess the opportunities that would enhance the use of com~
puter software. Through a series of interactions with a wide spec~-
trum of the U.S. computing community in DoD, industry, and academia,
thirteen opportunity areas were identified. Independent assessments
of these opportunities, given in Appendix II, are encouraging. A
broad range of potential activities offer exciting promise and sub-

stantial payoff.

On the assump.ion that the technology improvement option offers
substantial benefit, much of the focus in these opportunity assess-
ments is on technology. However, other equally compelling opportuni-
ties address acquisition, management, technology transfer, and per-
sonnel skill improvements. WNot surprisingly, even some of these
opportunities involve technology. It is clear that many areas are
ripe for exploitation and that the technology is available today to

improve the state of practice substantially,

The message of a need for technology exploitation is reinforced
by technology-oriented visions of the future, With the assistance cf
DARPA and Rome Air Development Center (RADC), two groups of software
experts were asked to provide different visions of software develop-
ment and in-service support activities in the 1990”s. These concep-
tions are presented in Appendix III. One portrays what the future

might be like in the early 1990”s if successful incremental evolu-
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tionary improvement takes place during the 1980°s. The other vision
is based on the possibility of a revolutionary change in the way we
generate and modify software--it envisages a whole new way of doing

business. In both visions of software technologies in the early

PN T PN T B B T SR VR P AT FrwOs ST UL

1990“s, the experts worked under the comstraint that the notions and
techniques employed must already have been proposed or be under con-

sideration in some serious research efforts. Neither view was pro-

FPNTTe ) o)
RIS AN

posed as the "right" view or even as the only possible view, and nei-
ther can be accepted as the ideal. Rather the two views demonstrate

the breadth of available opportunities.
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R -4 N

2.3 Improving the Environment Offers High Payoff

i
et Ll

b

The current state of the art does not provide measures to quan~
tify the initiative”s effect on such factors as software adaptability 3

and reliability., However, recent development of extensive and Trea-~

P st

sonably well-calibrated software cost estimation models makes it pos-

g‘%i- sible to estimate the impact of an improved software environment on
o)

effort required to develop a DoD software product in the 19907s. i

e 2o AN

Two such productivity estimates are developed in Appendix VIII, :
based on the COCOMO model for software cost estimationl?., Onme esti- ;
mate, based on the multiplicative effects of changes in a software
project”s enviromment factors (see Figure 2-1), yields an estimated :
productivity gain by a factor of 4.34. The other estimate, based on !

summing the savings achievable within each software project phase and

‘!,"2 m\‘v‘wl\ ‘I‘M_‘i,"“":"‘\-ﬁ' !“,‘I’-‘l'—l n\.>-A‘ q{-n_-]ﬂ df' :".o “, e

activity, yields an estimated productivity gain by a factor of 3.93.

Lt A e e i i
AT

Taken together, these estimates indicate that the successful

L3

A

: development and usz of an improved software environment could provide

< DoD software projects in the 1990°s with a fourfold productivity

sy

T

gain! The estimates are clearly sensitive to several assumptions, :

but even doubling or tripling productivity would be well worth the

b

T

19. Barry W. Boehm, Software Engineering Economics, Prentice~Hall, 1981.
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investment. Even greater payoffs may be available from developing
improved technology suggested by other payoff assessments proposed
for specific opportunity areas in Appendix II., These estimates indi-
cate the high potential for payoff available almost immediately from

investment in enviromment improvement.

The potential payoff for a revolutionary improvement in the
environment is not so easily quantified. There are few models on
which to base such estimates, However, recent demonstrations of
knowledge-based systems and advanced computer architaectures offer an
exciting glimpse of the potential. The payoffs cannot be stated in
current terms, because our notion of software development and support
will change, and different skills will be required when working with

these new councepts.

These payoif assessments provide compelling justification for
investing in software support systems, However, they are not pro-
posed as specific goals. Even greater productivity factors may be
realizable if the right technologies are developed, Specific goals
should not be established until more detailed amalysis and assessment
are completed. But as a minimum, we should expect a factor of two by
1987 and a factor of four by 1990,

2.4 Achioving the Goal Requires Capital Investment

Software development and in-service support is currently a labor
intensive acrivity., In some respects, it is very much a cottage
industry. Tools have been developed to support portions of the pro-
cess and the gains from those tools suggest substantial payoff; but
the tools are rudimentary. The quill pen was a great improvement
over the chisel f£for producing the written word, but that word was
still laboriously copied by other quill pens in other hands. It was

the printing press that provided orders of magnitude factors of pro-

21
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o ductivity improvement. We must conduct research and development to

it

produce tools that provide similar improvements.

A revolutionary approach offers high leverage, but we cannot
[! ignore the potential benefits of pursuing a more conservative evolu-
tionary approach., By collecting current—-day tools, including those ;

that are conceptual oxr procedural, and then incrementally improving

3
o
=
N
3

the collection, several payoffs can accrue, Integrated collections

of tools increase productivity of skilled people to produce bettfer

quality products, and extending the scope of tools in the collection

to provide support for the early stages of the life cycle increases

T

the reliability and adaptability of the resulting application sys-
tems,

It is generally accepted that productivity increase is derived ]

Rl

from capital intensive rather than labor intemsive activity. The

food to feed this country (as well as a non~trivial part of the rest

of the world) is produced by approximately three percent of the U.S.

population, by comparison to forty percent in the early part of the

T 2]
.kr"’:‘"."‘r‘ ;v!"»’_-_ ho
@

century. Similar productivity gains have been realized in heavy
industry, particularly in the last twenty years. By comparisom, the
capital investment per farmer is $75,000, the capital investment per

heavy industry worker is $45,000, and the capital investment per

4
3
1
i
?1
!
é
3

™ Sulrtdrady
« ! ] )
@& ..

T
]

software practitioner is between $1,500 and $15,000. If we want to

P
-

4

improve the productivity of people involved in the software process,

il S

we must make the necessary capital investment.

2

d
- - 2.5 The Objectives Support t%e Goal
- Improving the state of practice requires improving the environ-
1 ment. The environment is composed of people and tools, but improving
F 4 the enviromment requires not only improving people and tools: tool
- use wust be encouraged also. The objectives are interdependent;
é,
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therefore to obtain the full advantage, it is essential that all

objectives receive sufficient attention to obtain the full advantage,

This section describes the threz objectives and their subobjec-
tives, More detailed discussion of tasks to support these objectives

is given in Section 4.l and attachment I.

2.5.1 The Initiative Will] Improve The Personnel Resource

The best standards, practices, programming languages, contract-
ing incentives, indeed any collection of tools are of little use
without the expertise to apply them. The nation”s pool of skilled
software personnel wili not increase rapidly enough to meet the
demand for software. An underlying aim is to meet the increasing DoD
demand for software with personnel whose numbers will not increase
sufficiently., Especially in the face of a rapidly changing technol-
ogy, support must be provided for coutinued training of capable pro-
fessionals, including those who support the process as well as those
who are directly involved in software production and evolution. This
objective to improve personnel performance may be viewed as the

underlying productivity objective as well as a driving force im the
tool-oriented objectives.,

A subobjective is to increase the leve.. of expertise available
to DoD. This subobjective implies not only that we must face up to
the training of DoD people, but we must find ways to encourage the
defense industry to wupgrade the quality of people who work on DoD
projects. Curricula must be developed, educatiom, training, and
scholarship programs nust be supported, and inmovative means of
knowledge delivery must be developed. Recent advances in knowledge-
based systems might be used to revolutionize training, a side effect

that, if successful, would justify the entire initiative.

Another subobjective is to increase the base of expertise avail-

able to DoD. Through this initiative, DoD will bocst the number of

23
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skilled people available for DoD projects. Scholarship programs with

a DoD work commitment and better reward programs will attract people.

While attracting new pevple, opportunities must be pursued to retain

existing DoD talent. Although we must pursue this subobjective sim-

ply to maintain parity in the face of increasing competition for

skilled people, it is unrealistic to expect substantial increases.
The initiative must concentrate on improving the quality and produc-
tivity of people. This is not only the more realistic alternative
but is necessary to support the goal of producing mor:

adaptable systems,

reliable and

2.5.2 The Initiative will Improve and Develop Tools

Human productivity is strongly affected by the use of tools; an

objective is, therefore, to improve and develop tools. Tools include

the techniques, methods, and practices supporting software. It is

just as necessary to support managers as it is to support techni-

the
between tools supporting management and those directly

cians., Although a management tool may be quite tecnnical, ‘dis-

tinction is
supporting software production.

A subobjective is to improve and develop project management

tools, The manager plays a major role in software and systems

development and support. The difference between success or failure

~- between a project being on schedule and on budget or late and over

budget-—-is often a function of the manager”s effectiveness. Tools

can help the manager plan, track, and shape a project.

Another subobjective is to improve the power of application-

independent technical tools. Computer professionals must apply tech-

nology and deal with system complexity. Widely useful application~-
independent techmnical tools are part of the professional”s tool kit.
They permit the appiication of software technology to a variety of

tasks,
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The third subobjective is to improve the power of application-

specific technical tools. Although most of the technology develop-
ments support many applications, attention must be given to
application-specific improvements, Very high level languages must be
developed to free the application engineer from unnecessary detail.
Application 1libraries must be developed to provide a collection of
tested data structures and functions. Techniques for developing
reusable software must be developed to avoid unnecessary duplication
of effort. Both reusable automated support tools and reusable

software products need to be developed.

This categorization of tools is illustrated in Figure 2-3, Many
general-purpose tools, including those that support management, are
independent of applications. Others are appropriate only for a
specific application area. These application-specific tools are
often more oriented towards use by non~computer professionals who

practice in a specific area,

2.5.3 The Initiative Will Increase Use Of Tools

A collection of tools is only effective when used. The initia-
tive therefore has the objective to increase the use of appropriate

tools to exploit the technology.

A subobjective is to improve business practices to provide
incentives to wuse the technology. Acquisition policies and stra-
tegies must be updated and revised to recognize the role of software.
Contracting incentives must be established to encourage innovation
and use of modern technology. Incentives to produce reiiable

software that is easy to change and support must be found.

Another subobjective is to improve wusability. Tools designed
for human use need to be engineered with users in mind. They must
be easy to use, and their human enginzering must facilitate and

encourage thecir use.
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A third subobjective is to increase the level of integration,
Collections of tools that work well together are much more usable
than those that are not well integrated. They must be engineered
with the realization that a given tool is only one of a collection.

Each must be consistent with the entire collection.

The final subobjective is to increase the level of automatiom.
Automated support will free people from tedious tasks, ensure con-
sistency, enhance accuracy, and increase productivity. Automated

suppert for the various tasks, managerial and technical, must be
developed.
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3.0 STRATEGY

This initiative is a management action to place needed emphasis
on software and system issues. The strategy is to establish the
resources and mechanisms to accelerate improvement in the software
state of practice for the DoD community. The strategy will exploit

current technmology, build on existing activities, and coordimate the

collected talents and expertise of DoD people in many organizations,

éd It will require close cooperation from the industry and academic com-
- puting community.

:i Section 3.] describes the general principles that will be fol-
Q‘ lowed., Section 3.2 describes the mechanisms to be used. Section 3.3

{

T

describes the preparation that must take place in FY83.

3.1 The General Strategy

Although the software environment warrants special emphasis at
2 this time, it should not nezed such special attention forever. How-
ever, the effect of the initiative should be permanent, consistently

yielding improved technology. This subsection indicates how the ini-

i S BT ™
.
|

tiative will build on existing activities, create the necessary

kil
o

F__ LN

emphasis, and transition to a mew steady state.

3.1.1 Special Emphasis Will Last For Seven Years

The initiative will have a vertical management structure. A
Joint Service Team will manage the initiative as a program office
under the Deputy Under Secretary of Defense for Research and Advanced
Technology (DUSD(R&AT)) for seven years. Funds to support the ini-
tiative will be provided by an Army Program Element that will be
managed by the Joint Service Team, but the tasks to support objec—
tives will be executed by designated DoD organizations that will ini-

tiate and manage the comtracts. At the end of the seven years, the

planned initiative funds will be reprogrammed into the service budg-

ets and the DUSD(R&AT) office will assume a normal oversight role.

. 29
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3.1.2 Initiative Will Build On Existing Efforts

The initiative will build on the existing activities of DoD
organizations, Current research, development, standardization, and
acquisition efforts establish a {oundation upon which the initiative
may build. Activities under way that directly support initiative

objectives will be supplemented and expanded as appropriate.

It is essential that these existing Service activities continue.
Selection of tasks for the initiative was based on the assumption
that these activities would continue to provide results to further

support the goal of the inmitiative.

3.1.3 QCurrently Planned Efforts will be Coordinated

Each of the Services plans to have an automated software
environment for embedded systems. The Army is building a common Post
Deployment Support System (PDSS) to provide automated in-service sup-
port., The Navy has completed a study by a Software Engineering
Enviromment Working Group (SEEWG) to defime its future automated
enviromment., The Air Force Logistics Command is in the process of
definirg requirements for an Embedded Computer Systems Support
Improvement Program (ESIP).

The Army and Navy are committed to use the Ada Language System
(ALS) as the basis for their autcmated software environment. The Air
Force is likely to adopt some combination of the ALS and the Ada
Integrated Envirzonment. As a result, the Services will be adopting a

similar starting point for in~service support of Ada-based software.

In ancther planned activity, the Joint Logistics Commanders have
initiated an effort to overhaul the Data Item Descriptions (deliver-
able products in a software acquisition) and to remove many of the
differences in the way the three Services view the software lﬁfe
cycle. The associated military standards are also being revised to

reflect a common view of the possible life cycles and to pemmit
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incorperation of new technologies including Ada products. These Data

Item Descriptions must be kept current as new techniques are intro-
duced into practice.

Computer system security is important for DoD systems. The ini-

tiative will pursue opportunities that affect computer security in
coordination with the Computer Security Consortium.

The initiative will establish the basis for close coordination
among these efforts. It is essential that, as we build new software
support facilities, we ensure that they enjoy the best that technol-
ogy can offer and that there is maximum consistency among the Ser-—
vices. As the Joint Logistics Commanders have recognized, greater
commonality among Service software support facilities improves the
opportuﬁity to share investment and increases industry ability to

support defense reyuirements,

3.1.4 The Initiative Has Three Stages

At any point in time, three essential activities are under way
to improve the state of practice: research, development, and integra-
tion and use. The initiative will have three stages; each stage will
support research, development, and integration and use., While sup-
porting research and development for the next stage, each initiative
stage will focus on integration and utilization of techniques avail~
able at that time. Utilization for the first stage must build on
previous vresearch and development that has produced technology ripe

for exploitation. These stages are summarized in Figure 3-1.

Stage 0 in FY83 will consist of a year of preparation during
which the necessary organizational mechanisms will ‘be established,

detailed planning conducted, initial studies launched, and requests

‘for proposal prepared.
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Stage 1 will focus on consolidation of demonstrated techniques,
practices, educational programs, and other tools to structure am
environment consistent with the state of the art. Existing tech~
niques that improve some aspect of the software life cycle, including
projegt management, requirements definition and analysis, specifica—~
tions, and testing, will be incorporated into a consistent but
perhaps not integrated, enviromment, The goal of this stage is to
put current technology into practice. During this stage, research

and development activities will be initiated to support latex stages.

Stage 2 will focus on enhancement of the environment adopted in
Stage 1. The envir-omment will evolve as the technology matures and
feedback is received from users. Techniques, standards, practices,
knowledge «elivery systems, and technology now being demonstrated
experimentally will undergo additional development and refinement
during Stage 1 and be introduced in Stage 2. Research and develop-

ment to support Stage 3 will continue.

Stage 3 will focus on transitiom in two senses. First, the ini-
tiative and funding responsibility will transition to its post-
initiative steady state. Second, the enviromment may also enter a
stage of transition. If the research launched under the initiative
and complementary DARPA research efforts are successful in producing
revolutionary improvements, it is likely that they will first be
ready in the early 1990s. Depending on the state of technology at

that time, further enhancement will either be evolutionary or revolu-
tionary.

3.1.5 Mixture of Evolutionary and Revolutionary Approaches

The principal .mphasis will be on evolutionary improvement of

the enviropment for the following reasons:

o The evolutionary approach offers predictable and almost
immediate payoff.,
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o The technology base upon which to evolve improvements has
been identified.,

¢ The current research 2fforts will support further evolution-
ary improvements in the enhancement stage.

o The evolutionary approach is consistent with existing DoD
Service and Agency plans.

0 There is a substantial base of existing software that must
be supported,

o The potential payoff from early improvements may be applied
to the tremendous volume of software to be produced in the
next few years.,

Adoption of the evolutionary approach does not preclude research
tc investigate revolutionary approaches or their later adoption,
Although‘much of the effort in the initial stage vill focus on evolu-
tion, rxesearch activity will be initiated to exploit potentially
revolunticnary  approaches ' including artificial intelligence,
knowledge-based systems, functional programming, and advanced archi-
tectures. Knowledge-based systems will also be exploited in parts of
the evolutionary approach. Specific tasks relating to revolutionary
approaches have not yet been .dentified. An RADC-sponsored team of
experts 1is currently refining the opportunities. Their recommenda-
tions will be included in evolving plams.

In addition to ongoing DARPA research supportive of this initia=-
tive, DARPA will initiate an aggressive program to investigate and
demonstrate the feasibility of artificial-intelligence-based software
and distributed software environments, with the DARPA efforts. Omnly
if DARPA supports research aimed at development of more revolutiomary
approaches will the evolutionary approach be justifiable. The DoD
must have a balanced program with multiple approaches if we are to
maintain the full advantage of computer technology into the next
decade., Revolutionary results should be ready for widespread use by

1990, when they will become factors in the transition.
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3.1.6 The Ada Program Will Serve as a Cornerstone

DoD has actively pursued improvement of t{he environment by
evolving standards, policies, procedures, and automated tools.
Although these enviromments are gemerally specific to a particular
Service or Service elenent, there is a growing recognition of the
leverage available from shared eaviromments,

The Ada Program has been a cooperative activity to develop a
common programming language that can serve as the basis for addi-
tional sharing. The Ada Program has adopted the concept of a common
automated environment into which automated tools may be conveniently
installed. Through a community-wide, interactive process, the STONE-
MAN requirements definition?? for a system to support work in the
Ada language was evolved over a two-year period. STONEMAN defines
the concept of an Ada Programming Support Environment (APSE) built
upon common interfaces and data representations for automated tools.
(The term "environoment" in APSE is used in the technical sense of a

collection of automated tools.)

The APSE concept is being adopted by all three Services to aid
the development and support of Ada-based software. Two designs for a
kernel APSE sre being developed. The three Services are further com-
mitted, by a Memorandum of Agreement among the Assistant Secretaries
for Research, to consistency in the kernel APSE to permit tool shar-
ing. Although these APSE developments are initially concerped with
the programming process, which accounts for only 20% of the effort in
the software developmentZI,the APSE concept provides & basis for

further development of a shared envirvnment in the fullest sense.

20. Requirements for Ada Programming Support Environments, DoD Publication,

February 1980,

21, M. V., Zelkowitz, A. C. Shaw, and J. D. Gannon, Principles of Software En-

gineering and Design, Prentice-Hall, 1979.
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In some respects, the Ada Program may be considered a prelim

inary stage of the initiative, because it establishes the sociologi- ;
cal as well as the tachnological basis for = shared environment. 1

This focus on Ada, particularly during the consolidation stage, is g
responsive to Congressional guidance to accelerate adoption and
acceptance of Ada??, Alvhough Ada helps to focus the strategy, Ada

should not constrain it. Ada offers the opportunity for rapid

Tar AT AN T, (AR T
LI ! s LS AEY,

exploitation of gome new techmiques, but should not prevent the real-
ization of other opportunities. Ada and its activities were esta-
blished to capture the state of the art as it was in the late 19707s

W . n':’i" ‘%}‘n“

and early 1980°s. We do not want to freeze technology at the state i

when Ada was developed. While pursuing an Ada oriented environment

BT e

and integration of life cycle activities, we must encourage research

into alternative software philosophies such as functional program- ;

i ]
< -

ming, high level languages, and knowledge-based systems.

3.2 Mechanisms are Needed to Support the Evolution -,

[l L A
A

watihad

TR~ 7 2 O SR )

Specific mechanisms must be established for coordinating

<

research activities, management practices, educational programs, and

incentives to improve and use the enviromment. Many of the mechan-

ok 2
] ! N

isms are already in place and simply need strengthening, greater sup-

port, or increased attention. Others are planned and ouly require

- rﬁ?’ﬂ‘ru‘
-,

encouragement. Still others require innovative actions. This sub-

section presents the mechanisms to be used.

LS

-

3.,2.1 DoD Organizations Will Execute Designated Tasks

T

The DoD Science and Technology Program has proved effective

Ve

AW

across a broad spectrum of technology development. The service and
agency 6.1, 6.2, 6.3A community has produced technology ripe for
exploitation and a distributed body of expertise that needs to be

e coordinated. To some extent, the activities of the DoD research and

22. Congressional Record-House, August 16, 1982, p.H5988.
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development organizations are independently structured because the

varied missions of the DoD components often require different techno-

- logical innovations. In the case of computer technology, particu-

PR

3 larly software, the technology is generally sharable, offering enor-

mous leverage to DoD. Incentives and mechanisms for greater coordi-

TR

nation of DoD activities and greater management support for existing
research activities are needed.

AN £

BP-LEERE

The initiative assumes that other DoD (as well as industry and

academic) research activity will continue as planned. The initiarive

Te
e
£
-

will complement these existing activities and will provide fumds to

[

selected DoD orgznizations to execute and manage contracts to support

Rt Sl

L

the initiative.

DoD organizations will be assigned respomnsibility for critical

.

areas based on existing organizational interest and expertise. Each

:1"-;"‘ v T
I3

selected organization will have responsibility to see that Dol exper-

iR

)

tise. is maintained in its area, that a critical mass of coherent

g research is focused on DoD-related problems in that area, that

T

research in its designatad area (though supported elsewhere in DoD) a

is fully coordinated, that non-DoD funded research results are fully

bR
'

Ll it
iy
O

Y
»

recognized, and that promising research results are prepared for

N
A

exploitation. Specific, measurable objectives must be developed for

each area by the selected organizations,

'

It is assumed that DoD organizations, in order to maintain their

Lot Tt e LN
o et

expertise, will continue to fund research in areas for which they

i
i

s
i

have no designated initiative responsibility. However, the designa-

tion of a responsible organization for each critical area will allow

o it et ANk

for local shifts in individual program management emphasis without

B O b LA
!

adverse effect on the DoD technology base, and will remove the pres-
sure for each organization to cover the entire field with its limited
resources, This initiative will provide funding to designated organ-

izations to supplem2=nt existing activities in designated areas., At :

T‘"T»‘T‘a“*' pEaRCHR R
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least by FY90, the funds programmed for the initiative will be repro-
grammed into the service budgets as appropriate to continue to reap
benefits iunto the 19907s,

3.2.2 A National Institute Will Engineer New Technology

There is a distinct gap between R&D activities that demonstrate
new techniques in a constrained domain and the exploitation of those
techuiques on real systems. This gap is evident from the current
state of affairs. To support a production application effectively,
it is necessary that a technique, standard, practice, automated
tool--indeed any element of the environment-~be engineered into the
enviromment. It must be demonstrably effective in a measurable way
on a real application, have adequate documentation and training sup-
port, and (ideally) have automated support. However, many tech-
niques, management practices, and technology innovations have been
developed but are not being used, because the requisite evaluationm,

engineering, and demonstration have not been accomplished.

To bridge this gap, a Sofiware Engineering Institute will be
established. The Institute will develop and maintain an environment
that is always the best the state of the art will allow. It will
evaluate new techniques, integrate promising tocols into the environ-
ment, demonstrate the effectiveness of the enviromment for DoD pro-
jects, and provide training, documentation, und user assistance. The
Institute will be responsible for providing continued support,
including consulting, training, and enhancement. The Institute will
be supported by DoD and will be composed of both a permanent and a
visiting staff. Computing professionals from DoD, industry, and
academia will be encouraged to participate in activities of the

Institute.

During the initial consolidation stage, the Institute will adopt

an enviromment based on an APSE complete with management practices,
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standards, and training programs. The Institute will cooperate with
DoD research organizations and others to transfer new techniques into
this enviromment and will disseminate and support this environment
throughout the DoD community. It will be a source of guidelines and
will assist in development 'and maintezance of standards. It will
have a role in providing experiential training to DoD professionals
and in establishing the basis for DoD training curricula.

In subsequent stages, while continuing to maintain and evolve
the enviromment, the Institute will experiment with alternative
approaches, Details of the plan for the Software Engineering Insti-

tute are presented in Attachment II,
3.2.3 Early Support will be Offered ts Ongoing Projects

Many systems are currently in development, or will enter
development before the effects of this initiative will be realized.
Yet these systems will be in service for many years. Substantial

payoff may accrue by providing early support for such projects.

There is ample evidence of the value of tools over the life
cycle of a software system, However, program managers are often
well into a project, with the enviromment already composed, before
the utility of an additional technique, reporting scheme, or
automated tool is suggested. At the time of the suggestion, the pro-
gram manager must predict the value of the proposed tool, weighing
the proposed resource expenditure against an uncertain future gain
for the project. Too often, schedule constraints, costs, or simply
the program manager”s inability to assess the future gain argue
against adopting the suggestion. Even when the project is still in
source selection, proposed techniques, reporting schemes, or
automated tools and their cost must be weighed both by the contractor

preparing the proposal and the program manager selecting the contrac—
tor.,
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In order to assist prcjects already under development, the ini~
tiative will entertain unsolicited proposals from industry submitted
throngh DoD program managers for development of supporting technology

that will directly improve a project”s environmmeat. Proposals will

be cunsidered that -

a) offer potential »enefit for the project,

FP TR PR SOOI T LI

b) are potentially apylicable to other DoD projects, and

c) satisfy the obie tivas of the initiative. - -
The initiative wi® « wsiler proposals submitted by contractors

currently involved in & ~» development or as options in response to 3

3 new requests for prott -a.., but the proposals must be submitted

ﬁ, through a DoD prog: - &. -ager. Selected proposals will be supported
by funds from the igitiz:~ve .uad will be managed by the respomsible

E, program manager. Techuolosy resulting from accepted proposals will

Al T bt Lot e

g be considered by the Software Usngineering Institute for imcorporation

Eﬂ into its emvironment. ®

[EIVEE TR S S

;; This mechanism provides for unsolicited proposals, submitted
s through program managers, that aim for immediate payoff to existing

§” projects, However, the initiative will generally seek proposals

[! through competitive procurements. Evolving plans will be kept public

oy
LA

and reviewed through periodic conferences so that contractors may

prepare for these competitions and not waste time second-guessing the

A N L
<~

-~

initiative in the costly preparation of umsolicitea proposals.

3.2.4 Emphasis Will Be On Technology Transfer

T

"

Lich

The ipitiative will support a variety of university and industry

research but it will place particular emphasis on technology

R i)

transfer. Several mechanisms already discussed will serve that pur-

pose. The Software Engineering Institute will play an important role

T

in technology transfer, In addition to its educational role, it will

TIRTR T T
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provide an important link between the research community and the user
community. It will closely coordinate with people managing standard
Se:vice environments and will offer oprortunities for DoD people to
work at the Institute and bring away valuable experience. Industry
participation in the Software Engineering Institute will also help.
Ongoing application~specific technclogy efforts will be used to
demonstrate new tools and cther advanc-s ia tlie automated environ-
ment, New tools will ceme with a complete training package geared to
the operatiomal setting. The ability for industry to propose tasks
directly through a program manager of an ongoing eystem development
will promote greater transfer. DoD policies and standards will be
continually upgraded to encourage and facilitate use of evolving

techniques.

These activities will help, but they will not ensure that the
technology is used. Ffrogram managers will be sensitized to the
importance of software adaptability and the importance of considering
in~service support during development. The skill-improvement objec-
tive will do much to increase CoD people”s awareness., Most software
for DoD systems is provided by industry, either under direct contract;
or through products that are part of larger systems, Universities
also have substantial influence both in developing technology and in
propagating the technology by influencing students who will become
practitionmers. Industry 4nd academia will play essential roles in

the initiative, performing many of the tasks under contract.

User groups and expert panels will provids advice and facilitate
technology transfer. Users who have participited in establishing
requirements and reviewing prototypes will be readier to adopt the
innovation. The initiative will encourage innovation and ad~ption of
improved tools. Additional incentives will be developed to encourage

greater adoption of the technology. The objective to establish
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incentives to use the technology translates into tasks, described in
Section 4, to support that activity.

But these factors may not be enough. There may be only one
motivation that will achieve the desired result--long temm economic
opportunity. ‘fo ensure its use, tle enviromment must bte the best the
state of the art will permit. If it is not, then industry will
naturally seek, and find, reasons not to use it even in the face of
mandates and incentives. In addition, the technology and the
knowledge of how to apply it must be readily available, The zresults
of all initiative-supported work must be readily available to the
public with no commercial restriction (other than export controls).
Under such a strategy, DoD will enjoy the advantages of the value=~
added principle described in Appendix III, Others will take the
technology, add value, and market it-—the strongest form of technol-
ogy transfer in this country. A form of this strategy is already in
place in the Ada Program. It is also recognized that benefits, both
direct and indirect, will accrue to industry from this free availa-

bility of initiative supported products.

3.3 Extensive Planning and Coordination Will Be Conducted in FY83

Section &4 outlines the baseline plans (given in Attachment 1I)
that represent an ambitious increase in funding and activity.
Although there is ample opportunity for responsible investment of
resources, detailed planning and coordination are needed to prepare
for launching the initiative in FY84, Figure 3-2 is a milestone
chart £for tasks that must be accomplished in FY83 as part of chis

preparation,

A task force witl representation from each Service and appropri-
ate DoD Agency will convene from November 1982 thzough February 1983
to initiate preparatory activities while the permanent staff is being

assembled. The task force will be responsible for FY84 budgeting
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actions, prepare RFP”s for cost/benefit analyses from which to quan-
tify .subobjectives, and complete analyses of existing activities to
support organizational tasking. The task force responsibility will
be passed to the permanent staff after a planning conference in

February.

The permanent staff will complete revision of the plan in early
spring, prepare RFP’s for preliminary tasks such as developmeat of
baseline measurements, and complete the necessary coordination to

designate organizational responsibilities.,

An acquisition panel will be established in the spring, and a
support contractor will be selected., Application areas will be
selected, working groups established, and contractors selected for
definition of the desired functionality of the application-oriented
efforts.

A search committee will be appointed to recommend candidaées for
Director of the Software Engineering Institute, who will be responsi-
ble for planning and staffing the Institute. Finzl selecrion will be
made by DUSD(R&AT).
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4.0 TASKS

From the extensive input available, it is clear that ample
opportunities exist to pursue the objectives. But the advice is not
consistent, and together all the opportunities would require far more
resources than DoD could responsibly commit., Hence, focus and selec=-
tion are necessary. This section describes tasks which should be

part of the initiative.

4,1 The Tasks Help Achieve The Objectives

The evolutionary strategy will build on existing DoD activities.
Current DoD activities that might contribute to this initiative are
being evaluated. This section offers a rationale for the initial
high 1level plans. ©Each subsection will describe the task area,
motivate its importance to the initiative, and summarize the issues
to be addressed. Miiestone charts and detailed descriptions of the

specific tasks are given in Attachment I,

Figure 4~1 correlates the individual task areas with the objec~
tives, showing that the considerable synergy among the objectives
carries over to the tasks. Because of the synergy, failure to sup-
port a task area may not only result in forfeiture of the benefit of
meeting the corresponding objective, but it may also reduce the bene-

fit of other objectives,

4,1,1 Measurement Is An Essential Component

This task area stresses development of quantifiable indices of
merit that can support comparisons and evaluatiomns of people,
software products, and the processes associated with software
development and support. Although measurement activities could be
described in the context of the other areas, they have been collected

into one plan to provide focus., The measurement tasks will help
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determine how well the other task areas meet the initiative”s objec-
tives. Since the initiative must have figures of merit and experi-
mental models to use in evaluating the effectiveness of various
activities and in selecting follow-on activities, these measurement

tasks are essential.

In addition, comsistently applied metrics are essential for
effective management of software. Thec ability to measure the capa-
bilities or productivity of practitioners will, for example, help
program managers use the right people in the right places. If cost
can be predicted accurately, waste from poor decisions may be
avoideds If the effectiveness and reliability of tools can be
evaluated, then program managers can make informed decisions. And
measures of software quality will make contracting incentives more

manageable.

Specific tasks are identified in Attachment I-l. Measurable
goals will be established for the initiative and priorities assigmed
to individual tasks. Cost/benefit analyses will be conducted to
establish task priorities and resource allocation. An initial col-
lection of metrics will be adopted and a baseline established against
which to measure progress. Systems will be instrumented to facili~
tate data collection. A consistent data base will be maintained to
support analysis. Research will be conducted to augment or replace
the initial set of metrics and to develop and test hypothuses related

to software development.

4,1.,2 Increase Human Resources Skill Levels Available to Dol

Personnel skill levels will be elevated through education and
the applicaticn of knowledge—-based automated tools. An improvement
in the eavironment will have little impact without a corresponding
improvement in the skills of the people working in that environment.

The effective use of tools is dependent on a sound understanding of
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the tocls and the principles they support. Just as imporctantly, the
application specific skill levels must be improved. The skill levels
of the human resources have been identified as the most important
single influence on software productivity (see Figure 2-1). It is
interesting to note that we will not let someone £ly a multi-million
dollar airplane without rigorous training and certification, but we
do not even have standards for certifying someone to develop multi-
million dollar software systems.

Specific tasks for this area are identified in Attachment I-2,
but on a more general level the key concerns addressed are, (1) per-
sonnel motivation, (2) learning opportunities and mechanisms, and (3)
quality and quantity of skilled personnel. The motivation for
software personnel to improve their skills will need to be provided
in the form of career incentives and requirements for training or
certification. These incentives should be designed to reward
software engineering skills and the application of appropriate tools

and to retain skilled personmnel.

Internal training prograns and learning in the operational
environment will be emphasized, using both traditional and new
automated methods, because of the relative cost effectiveness and
ease of relating to real work activities, Research will be performed
cn new mechanisms for on-the-~job training, particularly in
knowledge~based learning aids, However, educational institutions
will also be supported to initiate or expand software engineering
programs, and scholarship support will be given to Dol persommel and
possibly to persons who commit to a period of military or civil ser-
vice., The needs of managers, teachers, acquisition, and technical
personnel must all be met with quality training.

To ensure the quality of skills, the exact types of skills
needed by DoD will be defined, measures of personnel quality and pro-

ductivity will be developed (possibly including professional

49

v L,

RN

UL Lt

L b

[URR LTI

Lokl bis

. Ak b 20 e

b s

el ATl bt o

e oo v




Cha 2 St EN Sl

*

»"‘ il 0
-lndnA\. Y

B g
.

",

lhaaial-akiaut il G & e 50 8 2 L b

CuiMbr o i ,r;:v"mh-ku:w'w:.gwbwﬂ
L - ot ]

it
-

-
E'

certification where current professional certification efforts do not
meet all DoD needs), and these will be tied to career paths. Steps

also will need to be taken to ensure the quality of training.

In addition to directly supporting the objective of izproving
skill 1levels, this area also supports the improved use of tools,
especially in the knowledge~based instructional technologies that
can be built into automated enviromments to aid software profaession-
als in using new tools. Finally, with increased skil] 1levels,
software quality attributes such as ease of change and reuse will be

better appreciated by software and contracting personnel.

4,1.3 Project Management

Tools will be provided to support project management, A manager
who can accurately predict cost, closely monitor scheduies and
resource consumption, and estimate the effect of changing require~
ments, is able to allocatz resources to avoid problems. A manager
with such tools is better equipped to finish a project on time and
within budget. Respondents to the Software Technology In'tiative
questionnaire considered this an important area and it was emphasized
in the Joint Service Task Force report. Specific tasks are identi-

fied in Attachment I-3.

To provide immediate support, an initial collection of existing
project mapagement tools will be evaluated and adopted during stage
1. This set will be identified from the National Bureau of Standards
tool taxonomy and through review by experienced project managers, a

rocess already initiated by the AJFO., ~ In addition, the planoing
support contractor for the initiative will be requirea to provide a
formal planning system complete with automated support for managing

the initiative.

To provide full support, additional tools will be developed and

automated support increased during Stages 2 and 3. This longer temm
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effort will take a comprehensive 5pproach starting from the needs of
managers by first identifying, ~2fining, and evaluating the impor-
tance of software management activities an¢ decisionus. This will be
coordinated with the support systems ta.X area, beczuse managerial
and technical approaches are closely intertwined and must be care-
fully matched. Research and prototyping will be performed, followed
by the development of production quality versions that will be folded

into the ongoing efforts in support systems,

Issues of concern include planning and estimating, software pro-
duct wvisibility and control, staffing and organizing, using metrics,
and innovating successfully. In addition, managerial aspects of
technical innovations (e.g., visibility, planning, and control) will
be coordinated to ensure that manageability is not lost -through

technically motivated changes.

In addition to directly supporting the objective to improve the
power of project management tools, these tasks will support the
objective to increase the level of automated support for tools and
will support increased tool integration. Through training and use of
these tools, the objective of increasing the project manager”s level

of expertise will be supported.

4,1,4 Several Systems Issuas Are Addressed

Software is only one part of DoD embedded computer systems, and
these systems must be addressed from a total-system peint of view.
In developing the initial plam for this task area, emphasis has, how-
ever, been placed on three topics that appear to provide the greatest
benefit, with the realization that this set of tasks may be broadened

in the future.

Computer systems architecture is omne of the topics that 1is
emphasized. New architectures (such as distributed, functional, and

data flow architectures) hold significant promise for innovative
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approaches to systems, but much more needs to be done on both the
applicability of the architectures to DoD problems and the problems

of marrying software with the architectures.

Another topic emphasized in the initial plan is
hardware/software synergy. The eXpected rapid advancemeat of both
hardware and software technology over the next decade raises many
questions abouvt how to design systems. In additiom, the recent emer-
gence of VLSI technology raises the question of which system parts
should be implemented in hardware and which parts in software. The
primary issue for this topic concerns the tools and techniques that

assist in the co-evolution of hardware and software.

The third topic addressed by the initial plan is system relia-
bility., Reliability is a key DoD ECS requirement because of the
critical nature of the missions involved. There is, therefore, the
issue of how best to achieve the high degree of system reliability

required,

The specific tasks in this area are identified in Attachment I-
4, Many of the tasks in this area are expected to be of a research

nature because of the need to address basic, fundamental questions.

This task area contributes to meeting the initiative”s goal of
increasing the power of application-independent tools, especially for
the development and support of complex systems. In addition, this
task area will produce more powerful tools and methods for using the
innovative computer systems architectures made possible by the VHSIC

and VLSI programs.

4,1,5 Application-Specific Demonstvations Will Be Conducted

This task plan is concerned with application-specific software
and its potential reuse. In addition, the application-specific
efforts will demonstrate use of the automated emnviromment and other

initiative products. Every application must ultimately deal with

52

et




¥

T

X NI LR LG Pl
SR

i

T

T

v

Y ,n—t.mm_«.‘n‘ 3
e e L

v

A SR P

)

0

LA radrin i SPE R

YTy

-

K-

1

m Ty
Edvkdt Adriian

Ri

T T T T
(AT EL AN r 11‘ r

Al

AL

[l |

AL T S B L LML
l‘ i ,

g

[y

s

requirements, and the natural way to state these requirements is in
spplication-oriented terms, Translating requirements into systems
would be simpler if programming could be done directly in these same
terms., Also, once the software is stated in terms that make it easy
to recognize the function of each part, the potential exists for
reuse of parts from similar applications. Software reuse saves
development time and money, and field-proven software is more reli-
able. Such are the potentials pursued by this task plan. They pro-
vide a natural complement to the approaches providing general purpose
software tools being pursued by other parts of the initiative.

Specific tasks are identified in Attachment I-5,

Initially, analysis and design competitions will be held to
select  approximately six application areas and contractors to
develop, refine, and demonstrate application-specific Ada packages.

IEarly attention will also be given to the best acquisition strategy
for promoting software reuse. These contractors will begin by iden~
tifying the functions and data types in their application areas and
designing their approaches. Technology to be explored in 1later
stages will involve reusable Ada packages, package libraries, and
package composer systems., In order to effectively reuse software,
mechanisms for software warehousing and reuse will need to be inves-
tigated, developed, and demonstrated. In at least two, perhaps three
of these areas, other approaches such as application-oriented
languages (including very high level languages), application genera-
tors, knowledge-based systems, and application~-specific computer
architectures will be investigated. Ongoing demonstrations will also

give the initiative a place for rapid demonstration of the automated

environment and new additiomns to it.
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4.,1.6 Software Acquisition Procedures Will Be Improved

These tasks will seek to improve the business practices associ-
ated with software. They will identify and remove impediments in the
acquisition process currently hindering efficient software develop-
ment and support. Incentives will be devised to promote the effi-
cient development of quality software, to consider life cycle costs,
and to encourage the effective use of modern technology. The
appropriate incentive structure is essential for DoD to obtain the
benefits of the technology. An acquisition panel will be established
with a mixture of people who are well versed in the DoD acquisition
process including a repreosentative from the Industrial Productivity
Office, people who understand the acyuisition problems associated
with software, and people who understand software technology. The
panel will be supported by a contractor familiar with DoD acquisi-

tion.

Specific tasks are identified in Attachwent f-6. The panel will
consider recommendations for contract incentive mechanisms and
changes to acquisition guidelines and policies that will reward the
use of modern software engineering practices, reward the use of
appropriate tools, reward the development of reusable compoments, and
optimize 1life cycle costs. The panel will work with other groups,
such as the Joint Logistics Commanders task forces, to improve the
acquisition process and encourage use of such techniques as rapid
prototyping. Other arsas to be addressed are revisions of the
Federal procurement regulations, greater emphasis on systems and
software engineering during DSARC, encouragement of quality training,
use of software quality measures and incentives, and the review of
IR&D rules to encourage useful software projects. In addition,
planned innovations in project management and technical approaches
will be reviewed to ensure that needed changes in acquisition prac-

tice are available when the innovation is introduced.
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4,1.7 Human Engineering Addresses Techniques and Workstationms

This task plan is concerned with those aspects of human perfor-
mance that affecz or are affected by software. Individual, team, and
organizational performance are extremely important in software
development and in the use of application systems. Human performance
depends not only on the level of knowledge and skill of individuals
but also on their effective interaction with computers, unautomated
material, and other people. Future software development and support
will be much more efficient when user and software organizations
interact effectively, teams function sméothly, znd humans and comput-

ers communicate quickly and easily. Specific tasks are identified in
Attachment I-7.

Because of their immediate promise, initial efforts will be
directed towards design or selection of workstations., At the same
time a definition of a framework for an R&D progrem in human
engineering wiil be developed. This will be followed by development
of workstations for demonstration and by a systematic R&D program
aimed at providing usable results to tool builders and other software
practitioners. Among the areas to be explored are the man-machine
interface; the organizational, group dynamic, and individual cogni-
tive processes in software development and support; facilitators such
as documentation and on-line aids; and training techniques for new
tools, Results will impact automated support environments, interface
designs, and mapagement practices., Products will include worksta-
tions, design handbooks, tools to aid in design and evaluation of

interfaces, and personnel training techniques.

In addition to supporting the objective of improving tool usa-
bility, this task area supports increasing human expertise and pro-
viding more powerful man-machine interfaces. Productivity should be

increased by workstations for software professionals; by better per-
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sonnel selection, evaluation, and team building techniques; and by

more powerful and easier to use man-machine interfaces.

4,1.8 Support Jystems Will Be Developed

Software related activities are considerably easi:r when sup~
ported by an integrated collection of tcols. Integration introduces
coherence into a tool collection, amplifying the value of each indi-
vidual tool by fixing its role in some disciplined approach to

software development and in-service support.

Software-related activities can be made even easier by providing
automated support as much as possible. The ideal is to fully auto~
mate a tool, but many tools cannot yet be fully automated. Automa-
tion makes it easier to use a tool, increases the accuracy with which
a tool is used, provides the opportunity to give effective help and
guidance through the automated tool”s interface, and makes it easier

to transport tools to other projects,

This task area serves to meet the initiative”s subobjectives to
increase the level of integration and automation by producing support
systems, integrated collections of automated tools, Investment in
this task area leads to a significant payoff. Appendices III.l and
IX give two separately developed arguments that automated environ-
ments could provide a threefold to fourfold increase in productivity.
Integration to form a coherent, synergistic tool collection can pro-

vide considerable amplification of this productivity increase.

This area”s specific tasks, discussed in Attachment I-8, address
several fundamental issues in the preparation of support systems.
First, there is the issue of providing a basic automated enviromment
that can be used experimentally to evolve extensions of itself. The
second issue concerns how best to capitalize on, accelerate, and com-
plement the already initiated work on enviromments supported by the

Ada Program. Third is the issue of achieving a high degree of tool
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integration through disciplined methods based on coherent sets of
guidelines, procedures, and principles. Finally, there is the basi-
cally research-level issue of capturing expertise and building highly
integrated collections in which many of the development and support

activities are automated or at least computer—-assisted.

The direct effect of this task area is to meet the subobjectives
concerning tool automation and integration. The task area also pro-
vides a vehicle for delivering the results of other task areas to the
DoD community, thereby helping to assure that the payoffs fxom other
task areas are actually realized. In addition, by including support
for learning how to use tools in the basic automated environment,

this task area contributes to increasing personnel expertise.

4,2 Extepsive Recommendations Support The Selection of Tasks

Planning for this initiative and selection of the task areas has
benefited from a vast amount of advice (see Appendix I). Figure 4-2
shows the relationships between the recommendations received and the
task plan areas. The task plan areas a~e shown as rows; each column
corresponds to a source of advice. Entries denote the problems that
the task plan for that row of the chart will address or the recommen-
dations it will implement. The first column shows the rauking of the
problems from responses to the Candidate Thrusts for the Software

Technology Initiative questionnaire; the second column shows the

problems from the report by the Joint Service Task Force on Software
Problems, The third column lists the ranking of corresponding Candi-

date Thrusts recommendations; the fourth column lists the paragraph

number of the related Joint Service Task Force recommendation. The
fifth column shows the various Defense Science Board Recommendations,
and the sixth column gives the opportunity assessments, Explanations
of these problems and recommendations can be found in Appendices II,
v, VI, and VII.
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5.0 ORGANIZATIGN AND FUNDING

This initiative augments the current, relatively Jow level of
funding for software related research, development, and improvement
in DoD. DoD has existing organizatiomal structures employing a
number of mechanisms at appropriate levels to manage its programs.
Becaugse of the recognition that software and systems issues are
important and warrant stable and high-level attention, the initiative
will expand or accelerate many existing activities. To the extent
practical, the initiative will build upon existing organizational

mechanisms and be executed by the Services and Agencies.

5.1 DUSD(RSAT) Has Primary Responsibility

Since a major portiom of this initiative will be part of the
Science and Technology program, overall program respomsibility will
be under the cognizance of the Deputy Under Secretary of Defense for
Research and Engineering (Research and Advanced Technology)
(DUSD(R&AT)). Management of the program and coordination of the Ser-
vice progrems will be the responsibility of the Computer Software
and Systems (CSS) Directorate. Each Service will assign a represen-
tative to €SS, and this Joint Service Team will serve as a program

office within CSS., The Ada Joint Program Office (AJPO) will also be

attached to CSS. This will ensure close coordination of this initia-

tive with the Ada Program. The Ada Program is an integral part of
this initiative, and the AJPO will be tasked to execute some of the

activities.

5.2 An Executive Coemmittee Will Provide Advice

An Executive Committee, chaired by the DUSD(R&AT) with members
designated by the Military Departments and appropriate Defense Agen-
cies, will oversee program policy and provide management assessments

of program progress.
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5.3 The Program Will Be Executed By DoD Components

Each Military Department will designate a program manager to
serve as the principal manager of the individual Service responsibil-
ities for the initiative. The Service program managers will be
responsible for coordination with €SS and for coordination of all
tasking to the respective Service. The Service representative
assigned to the Joint Service Team in CSS will provide the principal
coordination with the designated Service Program Manager. Request
for increase of the military Table of Allowances by a total of tenm
manpower positions was approved in the FY84 PO¥ issue and will be
submitted with the FY84 budget. This increase provides three posi-
tions for each Service and one additional position for the Amy to
manage budgetary actions. These positions support the assignment of
one individual per Service to the Joint Service Team and establish-

ment of the Service Program Management Offices.

For activities required to execute this plan, a DoD component
will be tasked to designate a responsible organization. That organi-
zation will be responsible for carrying out the designated activity
and for coordinating with other activities as appropriate. The
designated organization will be responsible for developing DoD exper-
tise in the area, managing contracts and emsuring that a critical
mass of research is supported with appropriate goals. This will not
preclude other organizations” paintaining expertise and support, but

will require greater levels of coordination among organizations.

5.4 DUSD(REAT) Will Oversee the Software Engineering Institute

Oversight of the Software Engineering Institute will be the
responsibility of the DUSD(R&AT) through the Director, CSS. The
Software Engineering Imstitute oversight committee (see Attachment
I1) will provide advice and assistance to the DUSD(R&AT).
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5.5 Funding Supplements Existine Research

Detailed allocation of the budget for this initiative will be
developed by the Joint Service Team with assistance from the Service
Program Managers. A Program Element (P.E.) is being established by
the Army, as identified in the approved FY84 POM issue, to support
the activities of this initiative., Funds from this P.E. will be
directed to the organization tasked to perform a specific activity.
The funding profile requested in the FY84 POM 1is reflected in the
initiative”s budget, given in Figure 5-1. 1In addition, it is assumed
that DARPA will budget separately for its activities to support the
initiative, and DoD Services and Agencies will fund software related
R&D activities at currently planned levels. This budget assumes con-

tinued funding by the R&D organizations at current levels allowing
for inflation,

Funds have been identified to establish a real growth in support

for software, The initiative®s funds will provide for Stages l and

) R
%Q 2. The funding profile calls for the reprogramming of these funds to L
g . . ‘ps
2 the Services to be completed during Stage 3, except for the specific
é; support to the Software Engineering Institute, Figure 5-2 illus-

- ¢ trates the intended progression of funds from the initiative to the

Eg Services, The initiative provides a needed boost in support immedi-

= ately with appropriate central management control, After the initia-

EA tive, the funding and management shifts to the Services,
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FY83 FY84 FY8s Fygaé FY87 FY88 TOTAL

i A S L NN Al
. L s

Measurement .50 2.8 3.0 5.5 5.5 5.0 22.3
. Human Resources .35 1.6 2.5 7.5 7.5 7.5 26.75
§5 Human Engineering 12 4 1.0 4.0 5.0 45 1500 |
Ei Support Systems .62 3.1 3.5 9 9.5 9.5 35.72
5 Acquisition 10 .8 2.0 3.5 35 3.0 12.4
- Project Management 02 2.0 2.0 4.0 40 4.0  16.02
Systems .04 1.5 3.0 6.5 9.0 8.5 30.04 i

Application Specific .48 2.7 3.

(9,
(<))
o
~
o
o
o

24.68

loftware Engineering 2.3 4.6 8.0 9.0 8.5 8.5  40.94 |
Institute

TR T T e agy
AN Y

T
—
w

.

(3,2}
(32 ]
(&)
[$2)
w

Software Initiative .18 .68

Prog. Mgt.

5.75 20.0 29.0 56.0 60.0 57.0 227.75

FIGURE 5-1

SOFTWARE INITIATIVE BUDGET ESTIMATES

1. Figures are in terms of millions of FY84 dollars, except for FY83

= 2. Figures for FY85 to FY88 are rounded to the nearest .5M
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Tg 6.0 CONCLUSION

. Computer systems are critically important to the continued
;ﬁ ephancement of DoD military systems. Computer software plays a key
role providing functionality and cost-effective flexibility.

DoD has aggressively pursued the advancement and use of computer

technology. In addition to numerous Service-specific efforts,
several DoD-wide programs, such as the VHSIC and Ada programs, have

been initiated to reap the benefit of technological advances.

A

el LTSN
O ‘

Ty

This pursuit has resulted in many improvements to the state of
practice within DoD, However, the full potential has not yet been

realized., The most severe shortfalls come from our inability to

*

X

el ft.w!vt e
ot

fully exploit software”s potentisl, partially resulting from an
inadequate and immature software technology base, but also from

acquisition, management, and personnel skill impediments.

T T
SELEREAILE ) 4t
-

The critical need to exploit software to the fullest extent and
i!)w* maintain international leadership makes an extemnsive, concentrated
attack, coordinated at the highest levels of management, vital. The

DoD software initiative will provide the needed emphasis.

el il 0 i R S M)
MEACACILEICS ik SR
;

The initiative”s objectives are to improve the software state of

practice by simultaneously and synergistically improving several

T

L

aspects of the environment in which software is developed and sup~

- ported. The initiative”s strategy is to build on existing DoD
}‘ activities, using the Ada program as a key element., The initiative”s
?; initial, high~level plan relies on the planned evolution of the

software enviromment, enhanced not only technically but also by sig-

nificantly improved acquisition strategies, management and business

O L
e

L

practices, and persomnel upgrade programs.

Central to the evolution of the environment and the transfer
- into the DoD community of the techmology it embodies is a matiomnal

. Software Engineering Tnstitute, a new organization created as part of

Ty
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the initiative. The Software Engineering Institute”s mission is con-
tinually to evaluate leading edge tools, demonstrate their utility,
integrate the best into the automated enviromment, and deliver
widely-accepted, supported versions of the enviromment to the DoD

community.

The VHSIC, Ada, and software initiative programs takem together
provide a balanced portfolio for preserving U.S. military supremacy
through leadership in computer technology. The software initiative
completes and balances the portfolio; it must be immediately
launched. Furthermore, the software initiative offers an enormous
potential return on investment. With annual DoD embedded computer
software costs estimated at $5-6 billion and predicted at $32 billion
by 1990, even a modest twofold improvement, easily achievable under
the software initiative, would yield a payoff factor of over 200 on

the requeéted, peak $60 million per year investment.

66

K

E

{
g
!‘3
E

I

3
s
i

,
Ko ovkciaiin e




s g g - =gy N T LTI TN A TN T M TR T A T SRR TR TR T TA T e LT i L T e
fv.:'.'* e TR > Bl ) Rt it Tt e R i T B T L [ -

LS

g ATTACHMENT 1

e

INITIAL PLAN

T T Ty -
.l‘.‘tl f‘ L

*
3
>,
£y
.
»,
i

This attachment provides milestone charts and supporting

task descriptions for each of the task areas. Except for those
tasks which have been identified for imitiation in FY83, specific
dates have not been identified. Initiation of the task areas may

be staggered so that year 0 of one plan may not coxrespond to

O U PR ISR SR N ORI )

year 0 of another plan. Starting dates will be detemmined during

the planning conducted in FY83.
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ATTACHMENT I-l: Measurement

The following spucific tasks will be undertaken as summar-
in Figure I-1.

Develop Ada Specific Metrics

The Ada Program has a contract underway to define Ada-
related metrics. When completed, this set of metrics will
be publicly reviewed. Compilers and APSE”s will be instru-
mented, This effort serves as a starting point for early
adoption of baseline metrics.

Cost/Benefit Analysis

A contractor will be competitively selected to perform ana-
lyses of the initiative objectives, establish a baseline,
propose measures for assessing improvements, propose ap-
propriate goals for each objective, and perform payoff as-
sessment.

Develop General Baseline Metrics

A contractor will be competitively selected to propose base-
line metrics to be used in software projects so that con-
sistent data can be gathered. These baseline metrics will
include definition, available metrics, and procedures for
collecting them.

Instrument Compilers and APSEs

After the metrics are reviewed and accepted, the software
environment will be instrumented to collect the data.

Expand role of DAGCS

The role of the Data and Analysis Center for Software (DACS)
will be expanded to support collection, management, analysis
and dissemination of the collected data.

Baseline Data Collection
Initially, baseline data collection will be «collected on

selected DoD projects. Other projects will be encouraged to
collect data and non-DoD projects data will be accepted.
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Conduct Research to Develop Refined Metrics

Proposals will be solicited for development of refined
metrics to augment or replace metrics in the baseline.
Research proposals will be solicited to develop and test hy-
potheses relating to software development.

Support for Use of Metrics by Initiative Tasks

Each project (contract) supported as part of the softwzge
initiative will be required to propose appropriate measures
for assessing the progress of the project and utility of the
resulting products. These measures will be approved prior
to contract award.
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ATTACHMENT I-2: Human Resources

The following spacific tasks will be undertaken eas summar-
ized in Fignre I-2.

Define Skills Required

The types and quality of software~related skills required

within the DoD community will be defined.

ing opportunity is available in that the
mand plans a workshop in October 1982,

An early support-
Navy Material Com-
to address software

skill needs., The results of that workshop may establish the
basis for efforts to obtain a clearer quantitative view of

the skill requirements. Building on the
field investigation and expert opinion

existing work, both
will be used to de-

fine knowledge and skills and their association with tasks

and jobs both in DoD and contractors.

Attention will ve

given to both skill needs for current practices and expected
future practices. Quantitative requiremeats for skiiled

personnel within DoD will be establishied.

The results will

be compiled into a report including detailed outlines of the

required knowledge and skills,

Career Structures, Incentives, and Mechanisms

Develop

Model career paths, job descriptions, etc. for DoD personnel
will be prepared in consultation with the Services and Agen-~

cies, Knowledge and skill requirements

for the positions

will be established and translated into training and experi-
ence or certification requirements. To the exteat possible,
certification efforts will use and extend existing profes-
sional certification programs, such as those of the Insti~
tute for Certification of Computer Professionals. As a
result of this subtark, all of the material and mechanisms
will exist to allow DoD Services and Agencies to begin to
tailor and adopt the recommended career-related practices.

Implement in Services and Agencies

Using the results of the prior subtask, support will be pro-
vided to aid the Services and Agencies to tailor and adopt
the recommended changes. Expert assistance will be avail-
able from the developers of the model material as well as
the material itself. Information and training will be sup-
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FIGURE I-2: Human Resources Tasks

YEAR
0 1 2 3 4
Define
Skills
Required A
l
| Define Career Implement in Evaluate, Improve
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A 0 ~
I\\ ] -
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) . . Exchange Programs
\ a_ Y A 0o 0 ] 0O~
| ! -
1
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Delivery Hechaniz:s :
1\\ :
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Responsible } Develop and Deliver Ada/APSE Courses
]
2 ! n 0
for EducaFion ! =
1
! i * Develop and Deliver Other Non-academic Zourses
1 ! na 1 jal ~
' -
Establish Academic
Program
SEI and Universities Evaluation, Promulgate
, Develop Curricula and Improve Curriculum
! ! -
| ]
. ]
] Isgue RFP, Select, and Provide
: upport to Qualifying Institutions
[ A 0 0 n ~
I P
| Scholarship Program for
: DoD Eoployees
Y n [l -
>
Assign Organizations Responsible
for Learning Aids including KBS s
Ay
¥ 11
: Prepare Initial
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:Develop Initial Prototypes Iastitute's Evaluation
* and Integration
AN n]
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\\ Evolucior} of Learning Aids
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1lied for those approving, implementing, or affected by the
changes; for example, curricula for training personnel ad-~
minstrators will be provided. As the result of this sub-
task a substantial portion of DoD software-related personnel
will have more effective and attractive career paths and in-
centives,

Evaluate, Improve, and Revise

The career-related changes accomplished during the prior
subtask and subsequent activities will be observed, evaluat-
ed, and improvements recommended. Aid will be provided for
revisions and additional organizational adoptions.

Define and Implement Exchange Programs

To broaden the experience of key professionals, exchange
programs between DoD, and industry and academia will also be
established. Organizational responsibilities and the ini~
tial total funding level for the exchangz program will be
established prior to the start of year 2. These, along with
the DoD skill needs and career—-path practices will be used
as input to defining the exchange programs. Application and
award procedures will be implemented and publicized. The
first exchanges will occur in year 3. The result of this
task will be a broadening and improvement in the skills and
appreciation of DoD interests among key professionals in the
DoD and academic communities. In addition, DoD will benefit
from the expertise brought to it through the exchanges with
industry and academia.

Establish Course Development and Delivery Mechanisms

Plan

Initial investigations will pursue the existance and capa-
bilities of knowledge delivery mechanisms -- both tradition-
al and non-traditional. In addition, new mechanisms with
potential will be identified for possible R&D.

Assign Organizations Responsible

While the Software Engineering Institute will be responsible
for developing training along with new tools or automated
enviromments, other organizations will be designated respon-
sibility for other nnn-academic training.

Develop and Deliver Ada/APSE Courses

The AJPO will be responsible for the initial development of
Ada and MAPSE education. Later APSE courses may be
developed by the Software Engineering Institute. Delivery
of the courses will be performed by many organizations.

e et e s Lt
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Develop and Deliver Other Non-Academic Courses

i L JJ‘ Rl i)
Lot !

- The initiative will sponsor the development of courses for . i;
o use on the job and for self study. Both traditional and g
“( non-traditional learning zids will be used. Where required,

R&D on course development will be performed. Learning aids ]
resulting from the R&D in task 6 will be incorporated as '
they become available. Some delivery of courses will be ;
supported initially to demonstrate benefit. The results of i
this task will be course material, instructors, dissemina- -

t! tion networks, and improved skills in personnel.

: 5. Establish Academic Programs ]
3 4
-

G A workshop involving academia, industry, professional so- ]
3 cieties, and DoD will be used to initially explore the prob- ]
s lems and alternatives for initiating and enlarging academic 5
P! programs in software engineering. Following the workshop 3

the issues involved will be resolved so that the academic
. program can be launched in year 1. A number of questions
- exist. Should a small or large number of new software en-
- gineering programs be supported? What should be the cri-
- teria for awarding support to tmiversities? How much sup-
1 port should be supplied to each? RFP’s will be prepared for
3 selecting institutions to help prepare curricula. E

In addition, planning and preparation for a scholarship pro-
gram will be performed. Decisions will be made on such is-

5 sues as scholarship sizes and terms and criteria for awards. -
?‘ Forms and procedures £or application and award will be L
- designed. As a result of this the mechanisms will be ready o
3 for supporting educaticnal institutions and providing scho- 1
3 larships. 3

SEI and Universities Develcp Curricula

selected institutions will jointly prepare curricula. The
curricula will cover a master”s program in software en-
gineering and other appropriate courses (e.g. an undergradu-
ate survey course in software engineering). These curricula 1
will include all student and inastructor materials required, i
The draft courses will be test run and revisions made. (In :

y
l! The Software Engineering Institute and a few competitively
b

9 . 3
. some cases curricula from existing courses may be acquired.)
3 The results of the task will be draft and revised curricula ]
3 and materials. ’
;’ Evaluate, Promulgate and Improve Curricula 3
i 3
E As the curricula are used in regular programs they will be 3
3 formally evalauted and improved. Im addition, course ma- 3
3 terials will be updated as the state of the art changes. ]
k- The curricula will be promulgated to interested U.S. educa- ;
; a
1 -
- -
4 8 k|
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tional institutions. Along with curricula the DoD automated
enviornment will also be provided.

Select, and Provide Support to Qualifying Institutions

An RFP will be prepared and issued to select educational in-
stitutions to support initiating or enlarging programs in
software engineering. Funds will be provided to improve
software engineering programs, pay for support staff, and
upgrade computing facilities at the selected educational in-
stitutions. The curricula developed above will be used with
local tailoring., Only a limited number of new start-ups
will be supported each year., The result of this task will
be an enlarged software engineering education capacity in
the U.S.,

Scholarship Program

Applications will be solicited, processed, and awards given
to DoD software-related personnel and possibly to other stu-~
dents committing to a period of service in the military or
civil services.

Learning Aids

Assign Organizations Responsible for Learning Aids Including
KBS

Organizational responsibility will be assigned for develop-
ment of advanced learning aids including knowledge-based
aids for software-related personnel.

Prepare Initial RFPS

RFP”s will be prepared and issued for R&D in learnir- - s
particularly for knowledge-based aids.

Develop Initial Prototype and Evolve

Prototype advanced learning aids will be produced, iteri-
tively experimented with, and improved. Whenever usable
results are derived, they will be forwarded to the Software
Engineering Institute and other course developers. R&D in
knowledge—~based learning aids will continue to provide im—
proved results for a number of years.
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ATTACHMENT I-3: Project Management

The following specific tasks will be undertaken as gummar-
ized in Figure I-3.

Preliminary Workshop and Prepare RFP’s

Following the initial general software initiative conference
a workshop will be held to identify and assess project
manager tool needs and existing tools. This workshop will
have as participants managers, tool makers, management ex-
perts, software experts, and representives of the Software
Engineering Institute. The results of this workshop will
form the basis for preparing separate RFP“s for an initial
management tool set and the comprehensive effort to identi-

fy, define, and assess software management activities and
decisions.

Develop Initial Tool Se%

An initial management tool set will be designed and imple-
mented to provide +he types of cupport for managers which
are currently well understood and are already available
elsewhere at least in prototype form. This set of low risk
tools will be provided in the Ada/APSE based enviromment
provided by the Software Engineering Institute, who will be-
come responsible for their suprort.

Comprehensive Approach to Management Support

This series of subtasks takes a systematic apprcach to the
issue of software management support and organizes a program
of research, prototype experimentation, and production qual-
ity development for management support tools.

Identifv. Define, anrd Rank Software Management Decisions and
Activities

All aspects of software project management will be reviewad
including technical, personnel, planning and control, organ-
izational, directing, and innovational. Managerial tasks,
activities and decisions will be identified and described,
and these descriptions validated. The importance of each
will be assessed along with the state of the art for each.
These results will be used to divide them between those to
include in the research program and those ready to have pro-—
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3 . totype support developed for them.

Preliminary Designs for Support

A general approach will be developed for comprehensive total
support for software managers, and preliminary designs for
prototype tools prepared.

Prototyve and Develop Selected Managerial Tools and
Prepare for their Technologv Insertion

3 Prototypes will be built and experiments conducted. When
d ready these will be translated into production quality ver-

sions which will be folded into the Software Engineering
= Institute”s enviromment. Training and other technology
insertion materials will also be developed and field tested.

Lk S
e

Research

Poorly understood but important aspects of software project
management will be investigated. The aim is to achieve im~
proved levels of understanding which allow initial or im-
proved tools to be developed to support that aspect of
management.
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ATTACHMENT I-4: Systems

>

5
3
\' * . » .

The following specific tasks will be undertaken as summar-

ized in Figure I-4.

3 1. Computer Systems Architecture
g Preliminary Tasks
A
iﬁ The overall intent of this part of the Systems task area is
3 to gradually expand the score of tools and automated en—
= viromments so as to support the development of systems in-
i volving non-traditional architectures such as distributed, 3
- functional and data flow architectures. After an initial :
. workshop to address and sort out the possibilities, an RFP
- will-be prepared for a stream of tasks investigating the ar-

chitectures needed for DoD systems.,

Architecture Investigation Tasks

7
v +
et

- The first task jin the stream will be to characterize comput-
‘!)AT er architecture types as they pertain to DoD systems. The
T results of this characterization will be used along with the
results of the application area studies performed as part of

. the applicavion-specific task area, to determine the appli-
- cability of the various architecture types to the applicaton
areas by first determining the general relationship batween
architecture types and application areas and then matching
DoD~related architecture to DoD application areas. Finally,

“w,ﬂ :’ur‘yml-n\r\,u A

L

Fam

i the applicability will be demonstrated through several §
. simulation—based or experimental system~based demonstra- ;
o tions. This part of the task plan will be closely coordi-

a pated with activities in the VHSIC and DARPA VLSI programs.

2

& 2, Hardware/Software Synergy )
g: Preliminary Tasks .

E The workshop from which computer systems architecture ac-

o tivities are born will also be used to initiate an RFP for J
. activities relating to tools and techniques supporting the

3 co-evolution of hardware and sof tware.

L Hardware/Software Design Methods

2

- The tasks stemming from the RFP will address the development

= E
3 13
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of a consolidated wmethod for design of hardware and
software, The first task will be to study and evaluate ad-
vanced hardware design method with the intent of determining
their relationship to software design methods and their
usefullness for co-design of hardware and software. The
results of this task will then be modified to account Sor
different architecture types and applications aieas. The
specific design methods will be developed, evaluated and
selected for wuse in the architecture applicability demons-
trations.,

System Reliability
Preliminary Tasks

Activities in this area will also begin with a preliminary
workshop conducted to investigate the possibilities and
identify beneficial avenues of attack upon the problems. An
RFP will be prepared as a result of the workshop.

Reliability Tasks

The emphasis will be upon fault preventiou and fault toler-
ance in systems and software. Fault avoidance will be a
central concern in work on requirements, design, and con-
struction methods and tools in other task areas. The focus
of investigations into fault prevention will be on verifica-
tion and validation (V&V), i.e., fault detection and removal
before software becomes operational,

The general focus of tasks in this part of the plan will be
on general or software methods to improve reliability; trad-
itional strictly hardware approaches to reliability will not
be emphasized. First, error types will be characterized and
frameworks developed or adopted for V&V and fault tolerance.
Measurement apd prediciton of reliability will be investi-
gated. Prototypical tools will be designed and tried, new
insights algoritbms and methods will be developed particu-
larly for real time systems, and handbooks and guidance will
be produced. Finally, successful prototypes will be en-
gineered and integrated into the automated environments
developed as part of the support systems task plan.

Cooperation with others is a possibility. For example, NASA

has expressed interest in jointly sponsored research in re-
liable systems, and preliminary discussions bave occurred.
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1.

2,

3.

ATTACHMENT I-5: Application Specific

The following specific tasks will be undertaken as summar-

ized in Figure I-5.

Prepare RFP

A short list of DoD application areas with the greatest
promise will be prepared. DoD organizat:onal responsibili-
ties will be assigned, and a Request for VProposals will be
written and issued. Approximately six awards are planned.

Define Functions and Data
For each selected application area, the contractor will:

o Prepare an organized set of function and data type
descriptions

o Propose interface standards for modules (Ada packages)
o Optionally propose an automated parts composition system
o Perform preliminary cost/benefit analysis for area

o Suggest advar:ed applicaticn specific approaches suitable
for area (application oriented languages, application
generators, knowledge-based application systems, or spe-
cial computer architectures) and any special tools re-
quired

0 Suggest approaches to reduce non—-technical obstacles to
software reuse, e.g. contractual arrangements and incen-
tives, validation and verification, and retention and
transfer of rights

o Propose approach (including standards and practices) and
detailed plan for follow-on task.

Design and Develop Initial Ada Package Sets

Contractors with satisfactory proposals from the prior task
will design and develop initial Ada package sets in their
areas and perform an initial demonstration. Methods for
software warehousing and retrieval for reuse will be
developed. The Ada/APSE automated enviromment will be used.

16
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Some contractors may also develop package composer systems
and other special tools to aid in the generation and reuse
of reusable Ada packages. Investigation will be performed .
and proposals made for expansion, furthur demonstration, or -
reuse in real systems. In addition, proposals may be

prepared for development and demonstration, of other
application-oriented technologies ia the nmext task.

4. Develop, Demonstrate, aad Do Technology Insertion
Approximately six concurrent contracts will be awarded for
development and demonstration of some subset or combination

of application-oriented technologies:

o Ada pa-kages and libraries

o Package composer systems

o Application-oriented languages (including very high level
languages)

)

LSRR L LY
(I
I

[
(=

Application generators
o Knowledge-based systems

o Application-specific computer architectures.

' DNCHY i
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In addition, these efforts will provide ongoing demonstra-

tions of the Software Engineering Institute provided en- -
vironment and its periodic emhancements. As projects con- .
vert to production efforts or fail tc meet their goals, ;
changes may be made to new contractors and areas.
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ATTACHMENT I-6: Acquisition Tasks

The follewing specific tasks will te undertaken as summar-

ized in Figure I-6.

1,

2.

3.

&,

Establish Acquisition Panel

An acquisition panel will be established with a mixture of
people who are well versed in the DoD acquisition process,
people who underscand the acquisition problems associated
with software, and people who understand software tecknolo~
gy. Sinre many of the other task plans will be managed by
people with technical backgrounds, the panel must provide
appropriate balance to evaluate recommendations and guide
the implementation of those recommendations.

Analyze Process

A contractor will be competitively selected to support the
activities of the panel. The contractor will analyze the
current contracting vehicles and incentive structure and
collect recommendations from the defense contractor communi-
ty for improvement. Racommendations wili be prepared to in-
stitute contract incentives to use modern software engineer-
ing practices, tc veward contractors for developing and us~-
ing appropriate tools, and most importantly for delivering a
quality product. Possible incentives to encocurage con-
sideration of the life cycle, perhaps through a warranty or
software maintenance option will be considered., Mechanisms
to encourage develcpment of software prototype and reusable
software components will be investigated. Incentive struc-
tures such as value sngineering, reliability ircentives, and
the proposed productivity enhancement incentives will be
analyzed.

Implement Recommendatinns
The support contractor will assist in preparing recommended
revisions tc appropriate policies, standards and guidelines
and for revision to Federal Procurement Regulations. The
contractor will prepar¢ model RFP“s and contracts to imple-
ment the recommendationg.

Analyze Successful Transfer

A contractor will be competitively selected to analyze in-
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stances of lhighly stvccessful software technology transfer
activitias to abstract the relevant characteristics. The
contractor will investigate whether such successful techmol-
ogy transier exhibits common characteristics as:

o high level of certain types of perceived benefit to the
user

o provable cost or schedule benefit

o simple to learn and use

o very high quality implementation with single interfaces
o good quality training

o based on simple concepts.

The results of this analysis will be used to structure ap~
propriate inceittives and guidelines.
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ATTACHMENT I-7: Human Engineering
Hold ¥reliminary Workshop and Prepare RFP

Following the initial general software initiative confer-
ence, a workshop will be held to review the universe of hu-
man engineering and help identify those areas of particular
interest to DoD and the software initiative., The result of
this workshop will provide information for initiative
planners and allow the RFP for a report characterizing the
state of the art to call for the proper empheses,

Characterize State of the Art in Workstations
and Human Engineering

Existing workstations both thnse available in the market-
place and those in R&D will be surveyed. Other areas in hu-
man eng:ineering such as the psychological processes in
software professionals, team functioaing, project organiza-
tion, user~developer relations, and innovation diffusion
will also be ccvered. The result of this task will be a re-
port providing guidance for workstation design or selection
and for design of the R&D program in human engineering.

Design/Select & Prototype Workstation

Using the results of the prior task, initial designs for
workstations will be prepared using a maximum of off-the-
shelf commerical subsystems, protctypes will be built, ard
the final selection made. This will be done in conjunction
with the Software Engineering Institute and the work on the
human interface for the automated enviromment. The result
of this task will be a workstation design which is ready to
be acquired.

Plan Human Engineering R&D Program

Using the results of task 2, a prioritized plan will be es-
tablished for the human engineering R&D program. RFP“s will
be prepared and issued, aud proposals evaluated.

Provide Workstations

A limited number of workstaticns will be provided for
demonstrations, first on software initiative projects and
later on actual production projects. Their impact will be

evaluated, and revisions made.

Conduct R&D Program in Humzn Engireering
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This R&D program in human engineering will concentrate on
* issues of importance tu DoD and the software initiative.
The rxesults will be systematically transferved to the
Software Engineering Institute and to other efforts in DoD.
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ATTACHMENT I-8: Support Systems

The following spe~ific tasks will be undertaken as summar-
ized in Figure I-8.

1. Invesigate APSEs

A contractor will bte competitively chosen tc explore how to
best use early APSE”s, currently under development, as an
extensible, basic envirooment that can support smooth evolu-
tion of gradually more sophisticated environments. This
work may also consider a variety of alternative models for
extensible, basic environments. The exploration will usc
metrics developed within the Measurement task area.

2. Prepare to Implement Extensible Environment

In parallel with the assessment of APSE”s, some research
will also be ne:ded tn ensure that an extensible, basic en~
vironment can be prepared. Some topics of research are: in-
formation structures for project databases, user interfaces
allowing easy use of tools and sets of tcols, and help/learn
facilities. A coordinated set of research projects will be
iritiated to investigate issues such ac these.

3. Experimental Evolution of Support Systems

The logically next task is to produce an extensible, basic
support system based on Ada/APSE and then use it as the
basis for evolving versions that are gradually wider in
scope. This tusk will be the responsibility of the Software
Engineering Institute,

4. Knowledge-based Support Systems

Complementing the evvlutionary approach to integrated, au-
tomated enviromments, there will be a streum of tasks
oriented toward using knowledge~based techniques in Support
Systems. (These activities will complement DARPA and other
DoD activities in the knowledge-based systems area.) The in-
itial task in “his stream is to prepare RF¥P’s for several
efforts investigating the applicability of knowledge-based
techniques to software development and support. These stu-
dies will address several issues, including: the similari-
ties and differences betwzen knowledge—based systems and en-
viromments, the identification of DoD application areas most
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10,

amnendable to knuwledge-based approaches, project database

" information structures needed for suppcrting knowledge-based

techniques, development and support methods compatible with
knowledge-based approaches, and knowl;age-based techniques
supporting project management. These efforts will allow the
preparation of prototype sys.ems ard demonstrate, through
well-def ined experiments, the value cf these systems.,

Integrate Knowledge~based Techniques Into Evolving Support
Systems

In preparing prototype knowledge-based support systems, it
is reasonable to expect that many techniques and tools will
be identified that cau be incorporated into the evolving
support systems, At first this will involve experimenting
with inclusion of tools providing intelligent assistance.
Subsequently, it will involve the more complete incorpora-
tion of knowladge-based techniques.

Incorporaste Techniques for Co-evolution of Hardware and
Software

The Systems task area will result in tools supporting the
co~design and co-implementation of hardware and software.
When these tools are sufficiently mature, they will be in-
corporated into the evolving support systems,

Charactize Methods

There is an effort currently urder way in the Ada Program to
identify tae desirable characteristics of methods and to de-
fine experimsnts allowing the evaluation of methods. This
task will be to continue this community-wide, iterative
characterization of uethods.

Experiment with Methods in Context of Ada and APSE”s

Several experiments will be performed to assess the effi-
ciency and effectiveness of various methods when used with
the Ada language aud an APSE.

Investigate and Develop New Methods

This task involves parallel investigations into alternative
and extended methode such as rapid prototyping-based
methods, intezrated full life cycle support methods, methods
focusing on facilitation of change, methods focusing on do-
cumentation support, and empirical development methods.
Many of these new methods, in particular those involving
full 1if: cycle support, imply innovation in requirements
definition, specification, design, and in~service support.

Incorporate and Experiment with Method Support
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evolving support system and using the result to experimen-
tally evaluate the new methods,
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ATTACHMENT II

SOFIWARE ENGINEERING INSTITUTE

1.0 INLRODUCTION

The maturation of software engineering technology requires
several steps: research, development, integration, and delivery. The
first two steps are supported by institutions currently found in the
software technology world at large and the DoD software technology

community in particular. Support for the last two steps is, however,
inadequate.

This document proposes a Software Engineering Institute which is
specifically chartered to support the incegration and delivery of
software technology. The scope of the integration and delivery tasks
and their importance within the DoD community are discussed in the
remainder of this initial section. In Section 2, the goals of the
Institute are discussed. The Tnstitute”s technical plan and organi-
zation are explained in Section 3 and 4 and a start-up plan is
presented in Section 5. The Institute”s financial plan is presenced

in Section 6. Section 7 provides a summary of the plan,
1.1 Software Enginesring and Environments

The life spar. of 4 softwave system consists of the production of
a deliverable version followed by the in-service support of the sys-
tem. Production recuires the definition of the system”s required
functional and performance characteristics, the design of a system
exhibiting these characteristics, the construction of an executable
description, and the assurance that the system is of sufficient qual-
ity. 1Irn-service support involves installation of the system, mainte-
nance to correct faults thac occurred during design and construction,

and enhancement to meet new or modified requirements.
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Software engineering seeks to rationalize the production and
in-service support of software systems through the introduction of

discipline., The central aim is to develop tools that guide practi-

tioners in attacking the myriad problems that arise. These tools are
notations that provide media appropriate for the rigorous definition
of scftware, guidelines that reflect principles, practices or pro-

cedures, and techniques or methods that assist in mundane or diffi-

cult tasks, reduce the chance of error, or help in gaining confidence

that the system is suitable and of high quality.

Notations, guidelines and techniques are made usable by embody~
ing them in programes that check the correctiness of descriptions in
the notations, encourage observance of the guidelines. or implement
the techniques. Tools including those which are conceptual or intel-
lectual are particularly effective when collected together in an
environment in which practitioners can effectively and efficiently

produce software systems and carry out in-service support.

1.2 Integration and Delivery

Tv be truly effective, technology advancements must be
integrated with whatever technology is in active use., Unless a
totally new paradigm for software production end in-service support
is being introduced, the new technology must be modified sc that it
utilizes the concepts underlying existing technology and can be used
harmoniously in conjunction with existing technology. This involves
the solution of interface and data representation problems. It also
involves the investigatiou of usage modes allowing the synergistic,

mutually supportive use of the new and existing technologies.

Tc have some effect on the state of practice, technology
advancements must be quickly delivered to practitioners., The tech-
nology must be engineered into conveniently usable packages,

transferred to practitioners” organizations, and continuously sup-—
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ported after being transferred. Also, practitioners must be taught
how to effectively use the new technology. Thus, delivery involves
the solution of many problems concerning usability, human engineexr—

ing, utility demonstration, educa“ion, maintenance, and enhancement.

1.3 Enviromments as a Vehicle for Integration and Delivery

By their very nature, automated environmments provide a basis for
integration and delivery of technology advancements, New technology
can be packaged into a usable form as automated support is provided
for tools and transferred to practitiomers by installing those tools
in the practiticners” enviromments. Further, inclusion in an
environment requires finding common interfaces and daia representa-
tions for the mew and existing tools, thoreby forceing attention upen

the technology integration problem.

Automated environments can also be used to investigate the value
of advancements and to explore alternative routes to delivery of
techpology. Trial versions of automated tools can be installed 'and
experiments can be performed to assess their human engineering
aspects and determine how well the tools "fit" with other tools. In
addition, measurements can be taken with the intent of evalvating the

payoff of individual tools and tool collectionms.
1.4 Integration and Delivery within Defense Community

There is often too little reward for performing the transfer of
new technology out of the research arema. The potential users of the
technology do not perform this function because they rarely have time
to do anything but ‘'get the system built", Also the feedback of
reality from practitioners to researchers 1is another noticeabliy
missing critical flow. The integration and delivery problems can be

lesseued if the development of new technology is guided by the needs
of potential users.,
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The requirement within the Defense community for the rapid infu- —
sion of technology meeting the needs of practitioners is more extreme
than within the software engineering community at large., DoD
software systems are often part of life-critical systems. They are
generally quite large and require coordination among large teams of
practitioners. They are frequently real-time or distributed systems

and are, therefore, comsiderably more complex than the average.

DoD has developed the basis for meeting its incegration and
delivery problems by moving towards the use of the Ada language and
Ada Programming Support Euviromments (APSE”s)., Not only will APSE”s
provide a coherent set of tools supporting the production and in~
service support of DoD software, but APSE”S can also provide a
testbed for mnew technology and a conduit for transferring the tech-~

pology to practitioners.
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2.0 SOFTIWARE ENGINEERING I.USTITUTE

The DoD community needs an organization charged with idantifying

> useful new technology, assimilating this technology imto the
o community’s technology base, fostering the research needed to perform ;
;3 agssimilation, delivering the technology to practitioners, and sup- ]

porting the delivered techpology. It cannot be expected that this
role will be satisfied by existing organizations because of the dif-
ficulty of changing their already well-established uissions and

reward and recognition practices.
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The Institute’s goal will be to improve the state of practice

e teaaiel

within the DoD community. In particular, the Institute will provide

the facilities, resources, and personnel needed for the:

L

} e

o identification of valuable new technology, ’
o evaluation of alternative technologies,
o demonstration of the utility of new technology,

(g)*t’ 0 integration of new technology,

T
RO o VAN

o] transfer of technology,

o support of delivered technology, and

Pl
PR

o research concerning technology integration and transfer.

2.1 Software Engineering Institute Objective

Sty

Ty
St

The Institute’s objective will be to support the effective
application of technology to DoD software problems by assimilating

software technology advancements into the DoD community”s technology
base.

T

2.2 Approach to Meeting The Objectives
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? The Institute will foster the identification of valuable mnew

? technologies and their evaluation in several ways. First, it will ‘
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provide a "laboratory" for the experimental evaluation of utility and
the comparison of alternatives. This laboratory will have, as its
basis, 2 state of the art enviromment through which new technology
can be embodied as tools and, in this form, be applied to koth real
and experimental problems. Second, the Institute will encourage the
development of metrics for assessing the utility of aids and compar-
ing alternative aids., Finally, the Institute will encourage the col-
lection and cataloging of data for assessing the utility of aids and

comparing alternative aids.,

Demonstrations of the utility of software technology advance-
ments will be fostered by active Institute support of the preparation
of usable aids embodying the software technology. The Institute will
encourage the application of these aids to significant DoD software
problems both in support of the Institute”s evaluation role and in

support of DoD software projects.

The Institute”s integratiom goal will be pursued by supporting
the development of disciplined production and in-service ‘support
methods, by supporting the development of tocls needed to encourage
and ease the use of these methods, and by providing an automated
enviromment that supports 3 variety of methods and to which automated
tools can easily be added. The aim will be an integrated package of
automated, partially automated, and unautomated tools covering every-

thing required for successful use.

The preparation of a widely acceptable enviromment is the pri-
mary way in which the Institute will meet its dissemipnation goal.
The environment will be supported by the Institute, and can serve as

the basis for value~added efforts by cthers.

In addition, the Institute will pursue its dissemination goal
through a number of educational activities. The Institute will help

to codify and structurs software knowledge, acsist in developing an
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effective software curriculum, and provide experiential education and

et

training to members of the software community, Through both in-hcuse

VI TS

and off-site activities, the Institute will encourage active interuc-

.

e i
N

- tion emong software technologists and practitioners. 3

2.3 Value of the Institute

In pursning these major and secondary goals, the Imstitute will

provide for the rapid and wide-spread infusion of technology into and :

A G
[T S SN

throwghout the DoD community. This major effect is accomparied by
two side effects.
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First, the Institute will aseure that technology originating in

the technical community at large is brought to bear upon the DoD”s
software problems. This includes the transfer of the technology, the

integration of various aids into APSE”s, the provision of experi-
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enced, knowledgeable consultants from the Institute staff, and the
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general cvpgrading of practitioner compecrency threough education,

AL
.

¥~“;; The Institute will also be of value to the software technology
!Ei” community at large, providing a place where reality-based,

"finishing~-touch" research can be performed.
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3.0 TECHNICAL PLAN

The Institute must assemble experienced, knowledgeable technol-
ogists who, as a group, span all relevant areas of software technol-
ogy as regards the preparation of an effective, widely acceptable
environment: The accomplishment of this aim is discussed in this

section.

3.1 Xay Areas

In order to evolve an etfective envitomment, the Institute must
have strong expertise in several areas. For exaumple, the areas of
metrics, management, methods, human factors and technology transfer
are of critical importance. Serior software scientists are needed in
all of these arxeas so that the Institute”s projects can synergisti-

catly work towards meeting the Institute”s goals.

3.2 Key Projects

3.2.1 Environment

The Institute”s central prcject will be the development,
enhancement and support of an effective, widely~acceptable environ-
ment. This work will be focused on automated environments based ini-
tially on the MAPSE/APSE work already underway. This will not, how
ever, preclude experimentation with other styles of enviromments.
This enviromment must be expandable and portable. It must also be

extensively used both in-house and throughout the DoD community.

Success in this project is key to meeting the Institute”s goals.
Expandability of the environment will allow new technology tc be
demonstrated and will permit problems of integration to be attacked
in an exploratory, product~oriented way. Portability will help weet
the goal of dissemination. And extersive use will result in both

qualitative impressions and quantitative data about the value of the

36
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enviromment and its constituent aids, thereby helping to meet the
Iustitute”s evaluation goal.

3.2.2 Education

Successful technology transfer by the Institute will require an
active education and training project. Ome part of this project will
be to participate in the development of a software curriculum and in
the preparation of courses for this curriculum. Another part will
consist of an active in-house seminar program to foster iwnteractions

toth smong Irstitute personnel and with others in the community at
large.

The key part of the education project will be a training program
at the Institute through which people from government, industry and
academia can obtain experiential education. This will involve the
completion of post-graduate projects at the Institute., It will also
involve professional development experiences for teams and individu~-
als from government and industry.

3.3 Other Proijects

Other projects at the Inmstitute will be relatively short-term
and product~oriented. They will address many topics such as: tech~
nology transfer, metrics, ménagement, methods, etc. The goal of dis-
semination requires that transferrable results are obtained in a
time~frame that allows them to be rapidly transferred. This is also
required because need to have the results will affect other work at
the Institute and elsewhere.

The basic support for all Institute projects will come from the
environment developed at the Iastitute. This will provide a highly
supportative work situation and, by using the ARPAnet, it will sup-

port joint projects between Institute personnel and others outside
the Institute,
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4.0 ORGANIZATION

The Institute will have a relatively small permanent statf (as
outlined in Figure 2). Techunologists will be encouraged to spend
time at the Institute on a tewporary basis and then encouraged to
continue association with the Institute after returning to their home
institution. The details of this organization and the Imnstitute’s

general atmosphere are presented in this section.
4,1 Core Persornel

The Institute will be staffed by a small, cohesive group of
high-quality professionals representative of all segments of the DoD
community. Institute projects will be headed by senior software
scientists who are recognized leaders in the software technology
area. The rest ot the Institute”s technical personnel, some of whom
may be traiases, must possess the education or experience that allows

them to contribute significantly to the projects.

Administration of the Institute will be the responsibility of
the senior scftware scientists. A staff will provide administrative,
secretarial and computing support. This should be a small group of
people who are generalists in their area of expertise, able to easily

switch among the variety of tasks that will occur.,

The Institute will require a staff to handle the dissemination
of the environment prepared at the Inetitute, This staff will be
responsible for packaging the enviromment, "marketing" if, distribuc-
ing it, and handling queries and reports from the user community. In
general, it will provide the interface between the Institute”s techn-

ical personnel and the user community.

4,2 Associated Personnzl

A portion of the Institute”s techmical personnel will be able to

stay at the Imsticute for omnly a three-month to two-year period of
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tine. This is because a large majority of qualified persons have
permanent jobs in government, industry or academia and cannot be
expected to relocate permanently but do have the ability to take

leave »f their home institutions for short to medium length periods.

The resulting flux of software scientists through the Iastitute
is highly desirable. It will help maintain the technical excellence
and viability of the Inctitute, It will also help in distributing
knowledge throughout the community.

Because of this flux, there will be a large alumnus community
who will be encovraged to maintain involvement in the Institute”s
activities. In particular, the Institute”s temporary persomnel will
be encouraged to contimne to work, for some portion of their time and
under Institute support, on lnstitute projects after they return to
their home institutions., WNetworking technology will make the result-
ing distrituted projects feasibkle as long as the people working on

the project have initially spent some appreciable time in face-to-
face contact.

I

4.3 Atmosphere

It is imperative that the Institute provide an exceptiomally
congenial atmosphere. In particular, the administrative requirements
on technical personnel must be low. Thus the administrative support
staff will include a professional administrator, astute about

softvare technology, who will handle the majority of the Institute
administration.

Projects that restrict flow of information will not be integral
to the Tustitute’s activities since they could block the involvement
of some qualified personnel, negatively impact the Institute”c atmo-
sphere and inhibit value-added work by others in the community at
large. This means thet projects requiring or gemerating proprietary

information will not be undertaken, nor will there be 2any Institute~
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wide classified projects. However, it 1is possible that Institute
personnel wight participate in proprietary or classified projects

performed elsewhere.,

The Institute will have a close association with a university.
This will provide a congenial, supportative atmosphere for the
Institute”s activities., It will also allow the Institute to capital-
ize on existing fuuding channels. Finally, it will help to attxact
bhigh~quality personnel.,

4.4 Qversight Committee

Tha Institute will be governed by an oversight coumittee
representing ali of the software technology community. The committee
will advise the Imstitute administration as to the general directions
of its activities. It will also periodically review Institute
activities through a once-z-year general review and commissioned

reviews of technical projects.

4,5 Organization

A capndidate nrganization is shown in Figure 1.
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5.0 START-UP PLAN

Initially, the Institut: will focus on the development of an
environment through the coalescing of existing tools into a hospit-
able collection. Becatse the enviromment is critical +to supporting
the Institute”s activities, it is important tha% this core project be
inmitiated as early as possible. The effort will focus on extending

the capabilities of the MAPSE’s current under development.

To adequately start this project, the initial senior scientist
staff must include experts in all of the key arcas mentioned above.
Not only will this assure a broad attack on the problem of building
an environment, hit it will also provide a basis for spawning other
projects and assure that the envirooment will meet the needs of these

future projests.,

One of the Institute”s initial projects will be the support of
the Ada compiler validation and test suite maintenance activities.
This will incorporate Ada-related activities into the Iustitute from
its very beginning. It will also provide an initial project devoted

to evaluation and demzoanstration.
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6.0 FINANCIAL PLARN

Tl
1

T

- General estimates of yearly professional staffing, expense, and

#

- capitalization needs are given in Figure 2. The budget is ia FY84
dollars except for FY83 which is ln FY83 dollars.
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7.0 SUMMARY
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We have proposed an Institute committed to the identificationm,

]

evaluation, demonstration, integration, dissemination and support of
software technology. The Tnstitute will serve to £ill a gap in the

technology maturation pipeline, having responsibility £or the
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integration of new tecknology and its dissemination into and
throughout the Dol community.
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The Institute”s key project will be the development of an effec~
tive, widely-acceptable environment. The enviromment will be

oriented around the concept of amn APSE. It will serve the dual pur-

L s
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A

poses of in-houss experimentation with new techmology and support of
actual DoD software projects.

In the steady state, the Institute will have a relatively small
proportioc of permanent personnel. Temporary personnel will be con-
stantly "passing through" the Institute. This will provide a large
alumnus community who will be encouraged to maintain ravolvement in

réj-;'-. Institute prcjects.
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